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INTRODUCTION. 


0 . 

The little Essay wliich follows a])pear(iLi originally 
as an article in the new edition ol‘ tbc Encyclo- 
piedia Jhitannica. The editors of that work being 

desirous of publishing it separately, have oblig- 

« 

ingly afforded me an opj^oiiunity of revising it 
^ing its re-impression, an o])p()rtunity of which, 
however, I have only so far avaticj niyself as to 
correct some few errors of slight importanci* — i^o 
insert, hbre and there, in the form of notes aiid 
brief additions to the text, some notices of recent* 
speculations or ohservatie>us not involving Targe 
additions, and to explain little m'ore at large 
/iertain points whitfi stemed to requiys fnrtlier 



VI 


T^TKODUCTIOK. 


elucidation. This has been more especiaUj tlje 
case in respect of the th(M>ry of the annual and 
diumal flucdm^tions of the baromc^tor, a point of 
a very delicate nature, and on which tlu> views of 
meteorologists are so far from being in Iwivv' my 

with ea(‘li other, or with nature, tliat J\l. Dove, in 

« 

i 

one of his must recent puWt..:-liolis instances lh(‘, 

cases of ]M. Lanionl, who attributes those ])heno- 

ineiia io an el(‘.ctric attraction excited by tlie sun, 

of Mr. Broun who seeks their origin in the* sun’s 

* 

magnetism, and of M, ]r(airy who looks to, the 

t 

resistance of the (tluT as their caus(i. To have 
ext(;nd(Ml the Encyclopedic article into a syH '^^7 
^matic, or anything like a com])letc, treatise, v^ould 
hiwe fequired more time ami labour than 1 have 
at my« disposal. 

Adhere an^dhing beyond mere numericaF cor- 
recifoas anil •slight alteration of expressions has 
been introduced, the interpolations have been 
dist.inmiijJied from the ‘oriffl^al text, if in :ni 
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entire paragrapli, Ijy tlu^ addition of an itaTic 
letter to the imiiih(ir ol* the paragraph as, for 
instance, in Art (77, #'<?), or if in the ibrni of a 

m * 

note or of an insertion in the text of fif)aragrapli 
ajlrea&y numbered, by pltveing the new matter 
between 1 J.‘at.l'ets thus I ]*or by (*.x})ress mention. 

J. F. W. HEItBClIEL. 

(JoLX.ii?GWOOD, April 2, 1861. 
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METEOEOLOGY. 


(1.) Meteorology, which, in its ancient and otymolo- 
j^ical sense, included all the appearances of the heavens, 
as well astronomical as atmospheric, is at present 
restrict ('d in its meaning to the description and explana- 
tion of 411080 phenomena which group themselves under 
the ‘heads of the weather, of the seasons, and of climate 
— phenomena which, scientifically regarded, are refer- 
able almost (‘utirely to the agency of those laws which 
^tJvern the ever- varying afifectiong of the atmosphew of 
our globe in its relations to heat, nJl)ist<jire, and elec 
tricity, and the movements which the changes of thost^ 
relations, brought about by astronomical or other causes, 
impress upfln its parts. 

( 2 .)^ Were it not for this last-mentioned class of rel<t- 
tions, those, namely, which depend on the mobility cf 
our atmosphere, and the consequent pospotual 
interchange of its parts more or less heated, and more 
or less moist, inter se, the* problems presented by , 
meteorology would be o *’a very aimplo nature. What- 
ever be the temperature of the interior of our globe 
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(^nd there is every roason to believe it very hiftli), it 
has been amply demonstraied, that the escape of its 
internal heat into <^pace through its surface, for luajiy 
ages past and to come, may bo regarded as uniform, and 
so excessively slow as to be quite inappretiable as a cause 
of any porUon of the temperature prevakoit on the 
surface, still nioie so of any variation in that oh meiit. 
Local conflagrations and volcanoes (whatever iiillnence 
geologists may ascribe to {he latter in ea^ilier states of 
our planet) are absolutely insigmlTcaut at present for the 
supply of warmth, so that it is to the sun alone tlial vv(‘ 
have to look as the ultinvxte source of h(‘at, aud there- 
fore, also, in all probability, of electrical excitement. 
8 ui)pOsSiTig, then, no lateral eomniuni cation or transfer 
between the columns of air incumbent on adjacent parts 
of the earth’s surface, the totality of atinosjdiciic 'and 
climatic <*]iange in any given locality would he ifmited 
to peiUKlical aud jierfectly regular fluctuations (d tem- 
perature dej>onding 07^ the direct heating power of iiu 
sun at its variow altitudes above the horizon during 
tlu‘ day ana its witlidrawtd during the night, and to 
the alterjiat(^ geiior.itioii and condensation of vapour 
e(|U!jjlly periodie and regular, immediately* cousecpient 
on such fluctuations, ov(U‘ those parts of the surface 
occupied by mter. luiii would ever fall on, or cloud 
m ()V(‘r 5 tgiy part of tlu^ laud, which w'ould he per- 
fectly arid; and dependent for its temperature, at any 
spot, on the greater or less aptitude of its materials at 
that spot fur absorbing and retaining the ' sun’s rays. 
It is needless to add that, un<lor such ciicumstaiices, 
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« 

the ocottii only would possess the conditions indjis- 
pensablo to animal or vegetable life. 

(3.) The mobility of the air, while !t destroys this 
simplicity of sequence, and substitutes for it the variety 
and complexity of phenomena we actually observe, lands 
us, while seeldng for their explanation, among mechani- 
cal ditliculties of a very high order. If tliere be one part 
of dynamical science more abstruse and unapproachable 
than anothel, it is the doctrine of the propagation of 
motion in iluids, andVipecially in clastic fluids like th(3 
air, even when the amount and application of the original 
acting forces are known and calculable. But in this case, 
the acting forces consist in local dilatations of parts of 
the atmosphere by the sun’s heat during the day, and 
contrattions by cold during the night — in the permanent 
difference of temperature in the equatorial and polar 
regions — ^in the evaporation of moisture in some parts, 
and its precipitation in rain in others, which act 
directly as motive forces displa^jing air, and indirectly 
by carrying heat in a latent form 4i'om one region to 
another. And as if the problems arising* out of these 
C(msideraiions alone were not sufficiently complex and 
intraetablfi, the occupation of one part of the sprflice 
of oi:y^ globe by land and another by sea ; differing as 
they do in their relations to beat, in tli^jir evaporation 
of moisture, and in their resistance to th§ motion - lil' 
bodies of air passing over them ; the irregular form of 
the continents, and the existence on them of mouutaiu 
chains which confine, obstruct, and divert the toe 
courses of aerial currents — all concur to fi.ll the subject 



4 


METEOROLOGY. 


of meteorology Vith difficulties utterly insurmountable 
if attacked by those methods of calculation which 
have proved “so signally successful in many other 
branches of science. 

(4.) And yet it is these very difficulties^ and this 
excessive c^)inplication, which, by forcing us to abandon 
the deductive mode of philosophizing from sheer inade- 
quacy of methods, throws us on the opposite, or 
inductive course of inquir/ in the very Sltitude most 
favourable to success. For is not because the 
geneM principles of dynamics are inajjplkahle to the 
subject that we are deterred from resorting to them as 
our sole dependence, hut because we neither possess 
data sufficiently wide and precise to afford ground for 
their application, nor command enough of tlifem, as 
instruments, to grapple with such data in all their 
particularity if we had them. In our assurance of 
their fjcucml appllcaUlity, we possess an invaluable 
clue, which precludes ajl groping in the dark for causes, * 
and which serves every step to direct the course our 
induction ou'flit to take, and the forms in which it is 
(fesir^ble that our acquirements should he invested so 
as t(> be most available for constructing a*' complete 
tbef)ry. We come to the subject, in short, as we have 
every reason tq believe, mth a clear apprehension of all 
tj^^’priiicip&l efficient causes, and a pretty distinct con- 
ception of their direct action. It is the number and 
simultaneous operation of^their derivative causes^ the 
immense influence and complication of their , indirect 
actions, which constitute the difficulty of this branch of 
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ph)"^cs. , But, on the other hand, our knowledge of thestf 
causes throws the whole burden of the inquiry on Uie 
discovery of subordinate dr derivative laws, and never 
leaves us at a loss (as in so many other departments (»f 
physical research) for the interpretation of those laws 
when distoverod, or for the best and most philoso- 
phical way of expressing them in terms* conveying 
theii^truo theoretical import. , 

(5.) And^hence arises oje of the most marked pecu- 
liarities of this our science, viz., that while in respect 
of the general explanation of its phenomena it may be 
said to be nearly complete, inasmuch as there are few 
of its more important facts •and broad features which 
cannot be rationally and satisfactorily accounted for, 
and referred to the recognized operations of physical 
agents, yet when we would follow out the results of 
thei^ actions in “number, weight, and measure,” and 
as exhibited in specified time and place, theory affords 
us little or no assistance. Meteorology, in short, in all 
that concerns numerical valuation, is pre-eminently a 
science of detail, and one in which^U Jhe subordinate 
laws which are susceptible of numerical statemeqf have 
to be made out by laborious and continued observation 
carried on in every region of the globe. The results of 
suchuobservation, accumulated in masses, and discussed 
by the application of those powerful and refined pro- 
cesses of calculation which modern invention *^jias 
devised, become cleared of accidental error, freed from 
the ;uifluence of transient and purely local causes qf 
^irregularity, and presented in the form of mean or 
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average conclasipiis, each expressing some ge^j^eraJ fact 
or •law of progressive change. Thus, while on the one 
hand deductive^ theory, based* on our knowledge of the 
acting causes aiKl tho circumstances under 'which they 
act, pursues their operation clearly to a certain extent, 
and less and loss distinctly as it becomes lost in their 
entanglomc^it ; it is yet enabled to point out the 
directions where light is *10 be looked for, the Infos of 
inquiry which inductioe ol;|servation ought to pursue, 
and the form of the results 'which it ought to aim at 
securing. 

( 6 .) The course we shall follow in the present essay 
'will be in accordance wfth this general view of the 
subject. We shall first pass in review the agents con- 
cerned, and the laws which regulate their mutual re- 
actions. We shall then apply our knowledge of these 
laws to the general expl^pation of the phonome\ia of 
meteorology in their order of importance and natural 
sequence, and finally afibrd as complete a view as a 
mere sketch like the jn-osent will allow of those subor- 
dinate laws perfddic fluctuation which meteorologists 
ai’e agreed upon, a knowledge of which, as modified by 
geographical situation, constitutes the science of clima- 
tology; as well as of the combined system of observa- 
tion. and calculation by which this knowledge n^y be 
mc^t availa^ly*obtained and extended. 
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Oe -rtiE Sun as a sourue of Heat, and •of the measure 
OF its direct action. Actinometry. 

(7.) The absolute uniformity of th^*sun’s emission 
of heat is open to considerable doubt. From some 
recent intjuiries by Pi'ofossor Wolf, it would appear 
subject to a periodical increase and dimiAution con- 
nected with the abundance, and paucity of spots on 
its disc, a connection surmised hy the late Sir William 
Ilerschel. That the appearance of such spots is 
periodical, has been shewn by Professor Schwabe. 
The period assigned by Professor Wolf is 11 T1 years 
from minimum to minimuift, or almost exactly nine 
3 >eriods to each century, commencing at the beginning 
of the century itself. [That originally proposed by 
Professor Schwabe, and still, we believe, adhered to by 
General Sabine, is ten years.] The last year (1856) 
has been remarkable for an almost total absence of 
spots — a lact in perfect agreement with tliis law. As 
the planet Jupiter, the largest tn our system, revolvCwS 
about tlie sun in nearly the fon^r (11*9 y.), it 
would almost seem as if these singular aiipe|rauc^^s 
stood in^ some connection with electric or magnetic 
reactions between the sun and planets, the co*apara- 
tively small discordance of periods being due perhaps • 
to the action of the other planets.* 

* Whllo ill the act of revising this sheet, wo observe jin me 
Royal Society notices for March ^2, f857, a letter from Professor 
W ol? announcing his disifoveiy of an annual suh-period of the 
•spots — a fact strongly corroborative of the view taken in the 
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• (8.) Independent, however, of any such cau^e of 

inequality, the amount of solar heat momentarily 
received by the earth is subject to a regular animal 
fluctuation to the eS^tent of one-fifteenth of its mean 
amount, due to the eccentricity of the eartli's orbit — 
the heat received in perlheUo (or on the 1st of January) 
being to that in aphelio (July 2d) as 16 to 15. As 
the sun is vertical over the southern trojilc about the 
former epoch, and over the ^northern abouj- the latter, 
it would seem at first sight that the southern hemi- 
sphere would receive per annum a larger supply of 
heat ; but the unequal angular velocity of the earth in 
its orbit, which varies in the same precise ratio, effects 
an exact compensation in this respect by giving a 
shorter duration to a hitter summer in the southern 
hemisphere, and a longer to a cooler one in the 
northern. 

(9.) The general dependence of climate on geogra- 
phical situation, the high temperature observed at tho^ 
equator, and the extreme cold at the poles, the annual 
variations of ^qapefature which accompany the changes 

sea^n, as well as the diurnal alternations of heat and 
cold, are all such obvious consequences of those astro- 
nomicaal arrangements, in consequence of which the 
sun^ at any geographical station attains a grcat#r or 
less , meridian altitude, and continues a longer or a 

text; [la Beptember 1857 appeared a memoir by the same dis- 
tinguished meteorologist a%sig%ing distinct periodical amounts 
to each of the principt^ planets.— -(Addfed fo tAe 
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shorter time above the horizon, as to need no lengthened , 
explanation. The same sunbeam whicl!, at a vertical 
incidence, acts on a surface equal to its own sectional 
area, when incident obliquely on the e^iftli (including 
its atmosphere), is spread over a surface larger in the 
inverse prc^ortion of radius to the sine of the obliquity. 
It needs little consideration, then, to perceive that at 
the pflles, where the sun is be^ow the horizon for half 
the year, and where during the other half it never 
attains a greater altitude ttian 23^° and that only for a 
short time, its effective warming power on a given 
horizontal surface must be very far inferior to that 
wliich it exercises in the equatorial regions, where its' 
meridional altitude never falls short of 66^^, and where 
the days and nights are always nearly twelve hours in 
duration ; nor that in intermediate latitudes the increase 
of its^ altitude, and the length of the day as it advances 
along the ecliptic from the winter to the summer 
solstice, should bring with it that accession of general 
temperature which we observe. , 

(10.) This effect of obliquity of»incidence is, how- 
ever, enhanced by another cause. Tlie sun’s heat is 
partially absorbed in passing through the atmosphere, 
and that the more, the greater the mass of air it ^as to 
penelyate, or the more obliquely it traverses it. Pro- 
fessor Forbes, reasoning from observations made by 
himseK and M. Kamtz on the Faulhom i^i Switzerhmd, 
as compared with others at Brienz, 6844 feet lower in 
leveh concludes that ^6 per-cent of a vertical sunbeam 
Jb absorbed in traversing a cloudless atmosphere before 
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reaching the sea level. A series of ohservations^ made 
in Paris by M.^Pouillet (in 1837-38) at different zenith 
distances of tho sun, gives only 24 per cent. One- 
third is prdbg.hl/' not too low an estimate. Tho 
remaining two-thirds only (or less if tho incidence be 
oblique) are directlydfective in heating the earth's 
surface. The absor^portion is employed in heating 
the air throughout its -^yliole extent, and thou^n not 
ineffective in maintaining the general teny^erature, acts 
to that end in a very different manner, as being more 
immediately transferable from one region to another by 
the action of the wind. 

(11.) From experiments made at tho Capo of Good 
Hope from December 23, 1836, to January 9, 1837, by 
the writer of this essay, it results that the direct heating 
effect of a vertical sun at tho sea level is such as’ would 
suffice to melt 0.00754 in. per minute in thic^cness, 
from a sheet of ice exposed perpendicularly to its rays. 
M. Pouillet's conclusions, reduced to a similar form of 
expression, give 0.00703 in.’^ A mean of the two deter- 
minations, 0.007285 in. per minute, may therefore be 
pretty confidently stated as the measure of the sun's 
vertical heating power at the sea level in a perfectly 
cloudless sky. If visible cloud or liaziness, even very 
trifling, be present, the effect is diminished. ^In a 
clouded state of the sky nearly the whole of the solar 
beat is expended in heating the air, and evaporating the 
clouds. 

; ^ (12.)^ Supposing, however, th[i sky clear, and aU the 

' j^ys heat equally absorbable (which, however, is not 
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probalj^c), tlie melting effect per minute of oblique sun- 
shine for a zenith distance = z not exceeding 80® on a 
sheet of ice perpendicularly exposed to it, would be 
(ixpressed by 0.01093 in. (-J) and a sheet laid 
horizontalli/, by the same function multiplied by cos. z. 
This latter Tdfect is the measure of the direct power of 
sunshine to heat the general surface of the region on 
wl delimit is incident (abstraction made of the specific 
nature of thaj^ surface)."^ 

(13.) Adinometry. — The direct heating power of tlie 
sun's rays may bo measured in two different ways — 
statically and dynamically. The statical method con- 
sists in equilibrating the heatmg power of sunshine on 
some body (as a blackened thermometer) mth some 
external cooling influence which is itself measurable or 
which Ve have reason to beli(*ve invariable. It has 
been*usual to suppose this accomplished by simply 
noting the degree marked by such a blackened thermo- 
meter in the sun (exposed till it ceases to rise), in 
excess of that marked by a sindlar one in the shade. 
This is much as if a man should nfBasure his strength 
by the deptli to which he could thrust a pole into the 
ground, in the absence of any knowledge of its sharp* 
ness, or the resistance of the soil. The cqoling 
influences (conduction and radiation) are dependent for 
their effects on local and temporary cir«umstances too 

* A table, in which the calorific efficacy of a‘ vertical sun is 
represented by .750, and which gives» its diminution for obliqno 
incid^ces for every fifth ^gree of altitude, will he found in tliu 
Article on CliiMAMJ, Encyclopaedia Brilannica, vol. vi. p. 776. 
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numerous and too variable to estimate. The measure 
itself required to be measured. The obj(‘ctiou is 
palliated but not removed, by enclosing the thormo- 
metcT in an ^'xhfiustcd glass tube, which ehminatos 
conduction by cutting off the contact of air, and by 
other methods designed to deaden, or oquah/e external 
influences. It m however, insuperable in priuciph*. 

(14.) Tlie dynamical jmethod consists in asceAdining 
the amount of physical change of a natqre buscoptiblo 
of definite measurement, effected on some object by a 
given sectional area of sunbeam in a given tini(‘, such 
for instance as the dilatation of a liquid, the melting of 
ice, or the raising of •the temperature of a given 
quantity of water a cortaiu number of degrees The 
first attempts at obtaining such a measure, so far as 
we are aware, were made by the writer of tliis aiticle 
in a tour through Sicily in 1824. A glass vessel full 
of inked water was exposed alternately 5 mmutie& iii 
sunshine and in shade, the change of temperature being 
noted by a very delicate thermometer immersed in the 
liquid, and the solHr effect per minute measured by the 
difference of the minutely changes observed to take 
j[)lac 0 in sunshine and in shade. A simil^ method 
was jmployed in the experiments at the Cape of Good 
Hope, cited in art. 11; the sun, nearly vertical, «boing 
allowed to shine directly on a cylindrical vessel of 
m! Bouillet’s ‘‘ pyroheliometer ” is constructed 
on this principle — a cylindrical body of water of large 
m proportion to*its height, being inclosed in 
a Itiatallio vessel of that form with a gluss face^ which 
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is oxp5sed perpendicularly to tlie sun* In the ** actino- 
incter " * a blue liquid (auimonio-sulphate of copper) i« 
enclosed in a glass cylinder, one end of wliicli is closed 
by a silver screw working in a tight collar, to admit of 
a small change of capacity when the liquid becomes too 
much dilated by heat, wlxile the other end is soldei'od 
on to«a thermometer tube, by which the liquid 
measures its own dilatation, *tho cylindrical portion 
acting as the Bull) of the therftiometer. The actual tem- 
perature of the liquid (on which its dilatahility depends) 
is ascertained by an interior thermometer occupying 
tin* axis of the cylinder, and* whoso stem penetrates 
the axis of the adjusting screw, and is read off along 
its exterior prolongation. This instrument being 
several* times alternately exposed for one minute in 
the sun and shade, and the changes of volume in each 
caH<j read ofll on the scale, the differences or sums of the 
mean clianges, according as the action has been in the 
same or in a contrary direction^ gives the dilatation 
})roduccd by the sunshine alone (ftecd from the dis- 
turbing influences), corresponding to the actual tem- 
perature of the liquid, wliich being reduced By aif 
appropriafe table to give the temperature acquired, 
affords a mea««ure of the effect of a given scctioiiaf area 
of sunbeam in heating a definite volume of liquid 
Finally, the result is reduced to “actme^”t)r unite 

solar radiation, each actine denoting that amount ol‘ 

* 

^ First used in the by tbi author in 1826, in Cantnl, oi) 
the Puv de Dome, and at Montpellier, but without the internaf 
tliermomotor. 
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radiation whijli would suffico to melt JikO mfJlionth 
^art of a luctro from the thiekncss of^ Alcet of ioo 
petpendiculwly exposed, in one supposing it 

wholly absorbed, Eor iho detai]|p|| 'flic descrij^tion, 
the tables to be used for rediidug observations, inid 
the general inanageinent of the instrument, the reader 
is referred t6 the ^‘Manual of Scientific Eig^uiry/' 
published hy the Board of Admiralty, which contaiiis, 
moreover, practical directions ftjr makftg and regis- 
tering every description of meteorological observation. 
The portability and facility of use and reduction ot 
this instrument, as well as tlje consistent results it 
affords, leave nothing to desme, and afford a perfect 
measure of solar radiation. 


Of tub Natubk and Constthition of the ATMospnEitK. 
Its IhiFfesuRE, Mass, and Extent. 

(15.) We live under wluit may not improperly be 
called an ocean o^,,air, which covers the rea and land, 
and extends far beyond the summits of the highest 
^moufitaiiis. Like the sea, this ocean has its currents, 
which are winds, its waves of vast extent iiid magni- 
tude", not visible indeed to tin* eye, but capable of being 
made so to the intellect by means of the Ijarometor, 

amd its tildes duo to the action of the sun and moon. 

* 

“ But here the analogy ceases. Tlic air is a permanent 
gas^ ineapahle of beidg reduced to the liquid state by 
•any degree of cold or pressui'e yet applied. As such it 
is highly and perfectly elastic ; condensible by pressure 
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whon^oniined, into any fraction, liowc^er mimilo, of 
its onliiiary volume, and dilating itself, when relieved,* 
f^o as to fill any &pa(‘e, however large. • Its elastic 
force, like that of all gases, is iii the direct proportion 
of its density, its temperature continuing unalter(‘d, hut 
incroases, if the temperature be raised at the uniform 
rate of^| y, or 0.003(>6 of its amount, for (*very degree 
contigiade (or 5-9ths of this quantity - 0.002033 for 
eveiy degree (Jt Fahrenhoifs thermometer) of additional 
heat, and diminishes at the same rate if cooled. 

(16.) As the air reposes on the eaith, and the whole 
wiu'ght is distributed over tlie \yIiol(‘ globe, each portion 
(su]q)ose a square inch) of its surface supports the 
weight of the column of air vejticaJly above it, to 
whatever h(*ight it may extend, and tliendbro, by th(‘ 
law of read ion, presses upward that column with a 
force equal to its weight. Hence it follows, that th(‘ 
2 )ressuro per square inch, which equilibrates, and there* 
fore measures the elasticity of the air at the earth's 
surfac*o, must bf‘ equal to the weighW)f such a column. 
Tliis the barometer enJObles us to ascertj|}ii, at any 
instant and at any place, by balancing it against thht of* 
a column *of mercury just sufTicient in height to 
counteract it. It is subject to extensive huetuations, 
but ohsorvatioii has shewn tliat the moan or average 
length of such a column in the latitude of JPaTis, andiat , 
tlie level of the sea, may be taken at 0.760 met. 
Jp^Vneh measurQ||S9.92^in.), the niercury being of the 
density which it has at the temperature of melting ic(^ 
which is 13,596 times that of distilled water at its 
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maximum, l^i the temperature of the mercury^^e 62 ’ 
Tahr., which is the standaCrd temperature of the English 
metrical system, the^ dilatation of mercury for 1° Fahr. 
being almost precisely 1-10, 000th of its volume* the 
corresponding length of the mercurial coluipn is 30.012 
in., which is so nearly 30 in. that it is customary for 
English meteorologists to consider 30 inchesvas the 
mean or standard hei^t of the barometer. In all 
meteorological reduction.^ and discussftns, however, 
wherever the term harometric pressure*^ is used, it 
expresses the length of a column of mercury at the 
temperature 0° C. or 32® Fahr, which balances the 
aerial pressure. 

(17.) The weight of such a column of mercury 
having a square inch for its base is 14.7304 lbs#avoird,, 
which is therefore the weight of atmosphere incumbent 
on each square inch of the earth^s surface, supposed a 
perfect sphere. Hence, fi’om the known diameter of 
the earth (7926 miles), we calculate the total weight 
of an atmqsphere^o uniformly covering it at 11.67085 
(about 11 ^trillions of pounds|; so that, making allow- 
►anc^for the space occupied by the land above the sea- 
level, we may take 1 1 x 10^^ lbs, as an sBpproximato 
which is about 1-1, 200, 000th part of the mass of 
the earth itself. Of this, about 99i per cent has been 
ascertain^ to consist of a mixture of oxygen and 
imtrogen gases in the proportion of 21:79 in volume, 
jor about 23:77 in height. An atomic compound o| 
these gases in the proportion of 2 atoms of nitrogen 
to 1 of oatygen, would give a ratio of 20 ; 80 in volume, 
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Som^ cliemists, therefore, have consid(|red tlie air as 
such a compound, and not a mere mixture. Bui, 
besides that the deviation of the ratios &dm each other 
is beyond the limit of error which chemical analysis 
tolerates, M. Eegnault (Chem. i. 144) has adduced 
arguments which must be considered decisive against 
such a^conclusion. Still the near approach to an atomic 
proportion is remarkable. Of the remaining 0*5 per 
cent, about. 05 consists of^ carbonic acid, and 0.45, 
on an average, of aqueous vapour. 

(18.) The specific gravity of dry atmospheric air is 
to that of mercury (at 32° Fahr., and 0.76 m. pressure), 
as 1 : 10513^, and a cubic foot of such air weighs 
1.2905G oz., so that were the air of that uniform 
density from the surface upwards, in order to exert the 
same pressure, it would require to be 26214 feet, or a 
trifle tes than five miles in altitude. This is what is 
understood by the height of a homogeneous atmosphere;, 

(19.) Such, however, is not thd^ real constitution of 
the atmosphere. There are mountoins higher than 
this, which yet are covered with perpetual vishow, and 
have clouds above them ; and if we consider that &ch * 
stratum of nir, as we ascend from the earth's surface, 
bears only the weight of those above it, and bemg 
therefoi^ less and less pressed, occupies a larger and 
larger volume in proportion to its weight, 'v\re ^all per- 
ceive that (supposing air infinitely divisible and expan- 
sible), there would be no assigpfiblS limit to the height 
of the atmosphere. Theory demonstrates, that suppos- 
ing the temperature uniform thrmighout, the density 
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would decreasj ia geometrical progreKSsion as alti- 
tude increases in arithmetical, and assigns for the rela- 
tion hetweei* them the following equation (in which 1', 
represent tAe densities (measured by the barometric 
pressures), at the sea level and at the height h, and II 
the height of a homogeneous atmosphere), viz. 
^=ai(Log. P-Log.^X 

the logarithms being hyperbolic; or if h and II be 
expressed in feet, and the hyperbolic reduced to com- 
mon or tabular logarithms, 

h = 60309 X (Log. P Ix^g. p). 

At the height, then, of 60,000 feet in round numbers, 
or about 11^ miles, the density of the air on this sup- 
position would be one tenth of that at the sea-level ; at 
23 miles, one hundredth ; at 33 one thousandth, and 
so on. At an altitude of 103 miles, the density would 
be reduced to the thousand-millionth part of its su])er- 
ticial amcfunt. Actually (for reasons which will pre- 
sently appear), the decrease is still more rapid. 

(20.) The question, whether or not there be atiy 
absolute limit to the atmosphere, has been considered 
' to depend on the view we may take of the intimate 
constitution of matter. If it consist of ultimate, finite 
atoW, a limit must at all events occur where the gravity 
of one atom to the general mass of the earth?^ exceeds 
the repiflftiye power exerted on it by the air below it, 
a^lluestion which defies calculation, since we know 
-nothing of the law Of force with which the particles of 
i|?epel each other, the usual opinion that it is in- 
versely as their distance being quite untenable. Ift on 
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the other hand, matter be inimitely divisible, it has 
boen^argued by Doctor Wollaston tbit the cclestml 
s])acGS must be full of attenuated air, anh^tliat the sun, 
planets, and satellites, standing in communication 'with 
this general reservoir, would each in the course of ages, 
have drawiT to itself such a share, that equal densities 
in their vicinity should correspond to equal forces of 
gravitation. Calculating on • this datum, the sun's 
atmosphere ^lould have thq density of the earth's at 
the sea level, at about 4^* times Us own radius above 
its surface, and *Tupiter at about At these dis- 
tances from the respective luminaries, the rays of light 
should sulfer a deviation by Refraction, equal to t'V^dee 
our horizontal refraction, or more than a degree, a result 
directly refuted by observation, wliicb indicates no refrac- 
tion whatever. This argument, however, takes no account ' 
of the .effect of centrifugal force. Ai)art from all con- 
siderations of molecular repulsion, it is certain that at 
about 20,000 miles' distance from the earth's equatoml 
surface, the centrifugal force woiiftd equal gravity, and 
beyond t^t distance would exceecT it ; so that were 
there no physical cause producing a positive and definite# 
limit, all tjjo air beyond that level must bo flirted off 
into space ; and there being no pressure, othe> air 
would idse from below to replace it, and share the lame 
fate, so that the whole atmosphere wouM drained 
away, to fprm a ihig like that of Saturn, In fact, how- * 
ever, the excessive tenuity whi^li must, under any 
hypothesis, bo ascribed to tSe interplanetary air (to 
ejipress which in fractional parts of its density at the 
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eartVs surface would require the denominator to con- 
sist of at least H370 liguros), dispenses with giving such 
reasonings apj serious discussion, K, indeed, there 
wore the leasl! ground for believing that atmospheric 
air could he liquefied by a cold of — 120° Fahrenheit, tlie 
existence of a limit at a very moderate height would 
follow as a matter of course, as will presently appejir. 
Supposing the law of dilatability to hold goocf rigor- 
ously for all teniperature8,.the elasticity of air at — 273" 
centigrade would ho mh ‘But w’e have no means 
of prtKlucing tliis degree of cold, and therefore no 
experimental examination of the case is possible ; and 
we must therefore be* content with the assurance, 
that at no elevation which can ever be attained by 
man, or in which life could ho supported, does the 
law in question suffer any impeachment; and that at 
80 or 90 miles above the earth^s surface a vacuum 
exists, inc^mcGivahly more perfect than any which we 
can produce with our air pumps. At 45 miles the air 
is already rarified abbut 25,000 times, at which eleva- 
tion it would seem, from the duration of twilight, that 
^soma feeble reflexion of light still subsists. 

(21.) According to Dalton's views respecting the 
mix4ure of gases, two or more bodies of this nature 
mia^od togetber exert no elastic force on each other 
mutually^ tMbugh they obstruct and impede each 
otberis free ‘movement. Each tends to diffuse itself 
amobg^thc others, and to arrange itself as if the others 
had U(0 existence, and if*left Ibng enough undiHturbed 
Wbuld do so. In consequence of this property in»»a 
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mixt^ atmosphere, if perfectly quies|ent, each 
Avonl cl ^constitute a separate and distinljt atmosphere, 
arranged according to the above laws *f* equilibrium, 
and each sustaining its quota of the total pressure in 
the exact proportion of its own volume present in the 
mixture at the point where the pressure is estimatecL 
But tlffese volumes would be proportionally diflerent at 
dilferent elevations, the density of the oxygen atmo- 
sjjhcro decreasing in a more rapid geometrical progres- 
sion than that of the nitrogen, and that of the carbonic 
acid than either. But owing to the obstruction each 
offers to the free permeation ©f the others, and to the 
extreme mobility and continued agitation of the air, 
the state of equilibrium is never even approached ; and 
exporirftent has shewn that air collected at all elevations 
above ^the surface in balloon ascents (in one instance 
by Gay Lussac, in bis memorable ascent in 1804, at the 
height of 22,896 feet), contains these two elements in 
precisely the same proportions.. With tho carbonic 
acid, tho case is somewhat differelH, that gas being 
subject to local variations consequent on its peculiar^ 
uses in the economy of animal and vegetable life ; but 
the differences are so trifling, that for metoorolo^oal 
pnrpOc^s they iuay be altogether neglected, and the 
atmosphere (at least its gaseous portion) regarded as one 
homogeneous gas. 
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Ole THE Decrement op Temperature on Ascenpinc 

INTO THBtJ.TMOSIj;iEBE, ANP ON THE BaROMETUJO 

Measurement op Heights. 

(22.) All who have ascended high mouuitaips and 
all aeronauts aro agreed on the fact of a decreas(i of 
temperature, which is conspicuously evident frefin the 
existence* of perpetual snow on elevated summits even 
in the hottest regions, fiecpecting the rate of this 
decrease and its law, much uncertainty still pr(‘vails. 
W© possess, it is true, a groat accumulation of observa- 
tions of mountain tempemturo, both barometricaUy and 
trigonometncally determined by D© Saussure, Cordior, 
Haymond, Humboldt, Colonel Sykes, Eschmann, Bob*^ 
laye, and many others, on the Alps, Pyrenees, Etna, 
Teneriifo, the Andes and Himalayas, and in Greece ; 
but the results are only loosely accordant, and api)car 
to indicate tliat the rate of decrease depends in some 
considerable degree o» the season of the year and the, 
local situation of* the place of observation. If we 
l^semblo the iiiofest accordant, and especially those cases 
where the heights ascended have been considerable, 
apd |iigonom©trically determined, we find an average 
decrement of 1" of Fahrenheit's thermometer fo^ every 
100 yards^ of ^cent, or 1° Cent, for ©very 180 yards. 

most uHoxceptionable mode of determining this 
impbrtanfc element wo^ld no doubt be by balloon ascents ; 
^but as the heights in suck ascents are necessarily^detor- 
mitied) Wometrically, they involve in their calculatiqp 
^as will nresentlv he shewn^ the verv element in obestiori. 



ATMOSPHERE: DECREMENT 6P TEMPERATD^fe^SS 


iiML4be results deduced from such ascents seem gener- ’ 
ally to indicate a materially slower rjjte of decrease. 
Thus we find, indeed, -from Gay Luslat’s voyage, as 
calculated from a decrease of 73*5° Fahr. in ascending 
22,896 fo^t, a decrement of 1° in 316 feet, agieeing 
])retty welLwith the average above stated. But on the 
ot her than d, a mean of four ascents by Mr. Green and 
]\lr. Bush in the Nassau balloon in 1838 and 1850, to 
altitudes be^ecn 19,185 and 20,352 feet, gives 4-85 feet, 
and a similar mean of four ascents by Mr. Welsh in tiie 
autumn of 1852 from London, under the direction of 
the committee of the liew Observatory, one of which 
was to the height of 22,930 feet, and in which all the 
observations wore conducted with scrupulous precision, 
and the reductions very scientifically made, afford the 
result of 386 feet. As a general avemge deduced, then; 
fromT)alloon ascents, 400 feet per degree of Fahrenheit 
would seem to be jireferable to 300. 

(23.) For the cause, or rather causes, of the general 
‘ fact of the decrement in question^ we have not far to 
seek. There are several, aU probably more or less 
efiicient. • • 

Tlie first is, that in receding from the earth's sur- 
face, we are quitting the proximity of a heatedfbody ; 
appro^hing a 3pegion where no such body exists ; and 
interposing more and more of a medium obstructive of 
heat. If we put any confidence in tlie theories of 
Fourrier and Pouill^, the temperature of the inte>- 
^planetary spaces is probably not higher than — 22(F 
Fahr.^ Consequently, a thermometer exposed at a 
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‘ height where, practically speaking, there is , 

ought at all evints nob to stand above an arithnietic'al 
mean betwcoij this and the temperature ol the earth s 
surface below it, that is, — 72® at the equator, and — 113' 
at the poles, taking 82® Fahr. and O' Fahi. as tlio mean 
temperatures at those places. Between these tw<^ 
latitudes and levels, then, it would mark, of (^urse, 
every intermediate dogrea 

Again, secondly, As tlic^i earth's surfacoi receives on 
the average (art. 10) twice aS much solar lujat as thf‘ 
air, it is, generally speaking, habitually warmer, and 
warms the air by con|ta§b communication. The heat 
so imparted is entirely, in the first instance, dilfused 
through the lower strata, only that radiated oil' going 
io heat the upper. 

Thirdly aud lastly, there exists a powerful cause, 
first pointed out by Leslie, of quite a distinct natui e, 
which 'svill i)«'ed a little more explanation. 

1(24.) Suppose the atmosphere of equal temperature 
throughout aud at resf. 15*1 ow let any mass of air at 
the surface receive an impulse upwards by some exicrual 
fqrce (not by heating it). It will rise, and in so doing, 
displace quiescent air above it, which will di^cond to 
fill it 5 | place, and this jiroeess will continue till the 
upWaid impulse is extinguished by friction and i^sist- 
ance, In rising, air expands, but as the descending air 
eftniwsts, pari^passuy the whole disturbed space, when 
quiet Is restored, will occupied by air as before^ and 
the total pressure will bo^unaltwed. But as regards 
distribution of sensiUc heat, a iiroat chancre will* 
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liEN^iJjiken place. The air which has expanded in 
fisoonding has absorbed caloric, and gi'own^colder, while, 
tliat which has contracted in descending given ont 
just as much, and become hotter. The total heat and 
the total mass remain unchanged, but the equilibrium 
of temperature is destroyed. The lower strata have 
becomo^warmer than the upper: the density adjusts 
itself accordingly ; and the undisturbed column superin- 
cumbent on bith is supported^as before. Precisely the 
same consequence will reAilt from forcing down by 
mechanical means (not by cooling) any mass of air from 
a higher to a lower level. The descending air in con- 
densing becomes heated, wliil6*tliat which ascends to 
replace it is cooled by its own expansion. 

(25.),ISrow this is no imaginary ease. It will be 
shewn hereafter (art. 52) that “when aqueous vapour 
ascends* by its levity, it drags air -up with.it; not by 
heating it, but by mere mechanical impulse ; and thus 
we see that the mere fact of a circulation of air in the 
atmosphere, ioi so far as that cir^lation is dm io thii 
generation and condensation of vapour, or even to the 
downward mechanical impulse of the fall of rain or 
snow, mus# of necessity cause a deficiency of sermhle 
heat in the higher as compared with the lower regions.* 
f ’ ' 

* If instead of being urged upwards by external impulse, a 
body of air dilated by heat, ascend in consequence of Such dilata- 
tion, it will rise until its expansion reduces it to the temperature 
of the flhirroundiiig air ; but it cannot 4o so without depressing 
other ai’^o a lower level, "v^ich th«s becomes heated, so that in 
tlys case also the equilibrium of sensible heat is subverted, 
though iij a somewhat different way. 
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(26.) As re^janis the law followed by tliis 
•little* decisive^ can lie said. A uniform rate of 
buch as thai; |es(*nbed ii^art. (26.) ns a physical law co 
extensive witli t\io atinosxjliexe, is not piobablo, thoup;li 
lor heights below 15,000 or 20,000 feet it is ]K»rlinps as 
exact as any which can bo briefly Rtat(‘d in woid^. 
Assumed as a liasis of calculation, it leads to th|{ follon - 
ing very remarkable relation between the height (^) in 
yards, and the ratio of #baromelric pressures (tit 
at the higher and lower levels, vi/. — 

when a ^ 180 yards x (273 + T), T being the reading 
of the centigrade thormomoter at llie lower station, and 
X the (hprtHblon of the upper station bdow tly? height 
n (reckoned from the lower station), (X-f^/— ./*), 
which must h(3 yOnsidercd a limit to the atmosphere, 
oi rather as a limit beyond which the formula is unin - 
tm pretable, or physically speaking, absurd. hJeveithe 
lesfo, within the linu& above specifi(‘d it affords results 
not very remote from the truth. Thus it give s lor (Jav 
•Lusaac’s ascent, calculated on his own data (in whidi 
T - 30^8 C. and nr- 0-4206C), a heigh# of 7678 
yard#, ditTeiing only 46 yards from that assigned hy 
himselb MefeorologistH in geneml^ we <ipprehmd, arc 
hardig wrwr? how eompleUhj the law of equable de- 
crease is subversive of the received notion of a dmimitiou 
of pressure in geomeffic ^rogrejfUm upwards from fhn 
sea level This our formula above renders very np- 
iparent 



^flU^ATMOSPHEKE ; DECREMENT OF TEMPERATURE, 27 

Ns^) Tho law of decrement of tomperaturo is a 
subject to which great interest is attached, and around* 
wliicli a vast amount of laborious research has accumu- 


lated, with a result not unusual in such cases — a great 
deal of thought and calculation wasted, and no ver\ 
j)ositive conclusion arrived at. The tact is, the pro- 
blem hoB been attacked in the wrong direction. Specu- 
lation has been busy in assigning hypothetical laws, 
either simplj^ tentative, or^ resting on no solid foun- 
dation of physical consideration, to exhibit the 
relation of the temperature to tho height directly: to 
verify which supposes a series of heights and tempera- 
tures corresponding to each other to be given by direct 
observation, the whole series being compnrallc, Xow 
wo possf ss not, and never can possess, any such series ; 
and it is therefore purely and simply groping in‘ 
the dai\lv to assemble a mass of miscellaneous observa- 


tion from all quarters, in all climates and seasons, in 
which insulated decrements of temperature are con- 
cluded from mountain ascents ; and j>ut them together 
with the expectation that any intelligible result should 
emerge. We pass, therefore, without discussion? the»i 
theory of*M. Biot (Kamtz, ii. 130) which assigns a ^ 
decrement in geometrical progression for heights in 
arithmetdeal, and whicli sets out with the asaj^iption 
that the. whole heat of the air at any p^ce^s due, to ^ 
tho extinction of heat radiated or conducted imme- 
diately from the earth that |)la& ; or that of Lambert, 
followed by Baron Zach and Mr. Atkinson, in which it'* 
is assumed (on a mere general impression that tVie 
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decrement decreases witli the height), that equal<?^e- 

• ments of temperature shall correspond to uniformly 
increming increments t)f altitude. In fact, no law of 
decrement, which would not make the density increase 
upwards, would he incompatible with the equilibrium of 
the strata; and for heights under 10,000 feet almost 
any law and rate which satisfies this condition, and 
represents the temperittures at the highest and lowest 
levels correctly, will do»so at the inteffaiediate ones. 
The great defect of all such hypotheses is, that they 
cannot be fairly tested unless we possessed a scale of 
heights, trigonometrically determined, up to 20,000 or 
30,000 feet, all in one geographical situation, and 
readily accessible from the sea level. Balloon ascents, 
indeed, amply satisfy the latter requirement but as 
the heights must he concluded barometrically, they 
fail to afford what this mode of looking at tho*suhject 
absolutely requires. A most valuable piece of positive 
information is, however, afforded by a balloon ascent, 
viz., that in a gi'^en* very limited locality, out of the 
reach of surface inequalities and up-tumed cuiTeiits of 

fheattd air; on a given day, and with every facility for 
obtaining simultaneous observations on the sfltrounding 
regic^, a definite relation, depending on no hypothesis, 
hnt at^i^uiely given hy observation, prevails between 
ihe^ ismp^ati%re and pressure, as read off at as many 

• different instants, throughout the ascent, as the observer 
pleases --r. which relation is capjbl© of being exhibited 

• to the eye with all its capricious incidents by graphical 
projection ill a curve, and of being freed, by a ijiode of 
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t^fc^ing such projections which has elsewhere (Afem. 
Ast. hoc. V.) been largely exemplified by the writer of , 
these pages, from tlie greater part of the erfors arising 
from casual influences or imperfect observation. In 
the view of the subject we are about to take (which 
it is something astonishing should have been over- 
looked ly all who have treated of it), this information 
is all that is necessary for a rigorously exact determina- 
tion of the heights of the seyeral points of observation 
themselves, and of the law df decremej^t which actually 
subsisted at the time and place. By the comparison 
of such laws at different times and places, it will then 
be seen whether they are such as really to admit of 
any uniform or general expression. 

(28.) To shew this, let p be the barometric pressure, 
t the temperature (centigrade), and d the density of the 
air at any altitude, a?, and P, T, A, those at the sea 
level ; h the height of a homogeneous atmosphere at the 
temperature 0° C. and H at temperature T. Now if k 
”0.00366, we shall have by what was she^vn in 
art. (15), 

, ^ A (l+ifc T) ’ 
and since the differential of the pressure {dp) is tlie 
weight f)f the column d x, whose density is 
= — 8. dXy (2.) < 

Dividing, then, equation (2) by (1), and observing thU ^ 


wS shall have 
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. (n\ 

>; ~ h (\-r1ct) ’ ^ ' 

If t be known in finictions of Xy tins equation gives 
at once tbo relation between the altitude x and the 
barometric pressure p ; and this is the mode in which 
the analysis of this question has always betn conducted. 
But if put under the form 

or ; (4) 

\hj p ^ k <;0 

it becomes available for a flilferent mode of procedure. 
If the law of temperature, as depending on the prenfinrvy 
be analytically expressible, or if t be an explicit func* 
tion of p, have x giten at once by integration. But 
what makes this w^ay of putting the matter peculiarly 
valuable is, that if this be not tbe case, l)nt t only 
given numerically by the registered observations of the 
theniiometer, and the reading* off of a graphical projec- 
tion of them' as above described; the integral in question 
may he ohtawed graphically with quite sufficient pre- 
cision (practically speaking), and in an infinitely shorter 
time, than by an^ system of calculation; so that the 
determination of the altitudes in balloon ascents is 
made to depend on no hypoflmia whaten^r, but to 
result jmrely and absolutely from the seri(3S of observcfl 
temWatures and prcssirres in the ascent and descent. 

(S^)^W€^ have been able to collect no more than 
nine ascents to sufficient altitudes (which 

should not l>e less t^ian 10,000 feet), in which a Series 
of oortesponding readings of tKe two instruments- have 
been tak<^ ^nsecutively enough for discussion, vk,, 
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Gay Lussac (art. 22), of Messrs. Green and 
Kusli i?i 1838 and 1850 (19,185, 20,352, ] 9,904, 19,440^ 
feet), and of Mr. Welsh in 1852 (19,510, 19,100, 12,640, 
and 22,930 feet), these latter leaving nolhhrg to desire 
in point of instrumental appliances and scientillc pre- 
cision in their use. Plato I. exhibits the graphical 
projection of tlie observations registered in etich of thes(‘ 
ascents, the dots being the points laid down ; the con- 
tinuous cur linos swept among them llherd viattu^ 
without reference to any theory, but that one condition 
without which no general speculation on the subject is 
possible, viz,, that their curvature shall be, generally 
speaking, similtr in character, nnd liave its concavity 
throughout towards the same side : and tho dotted lines 
analogous curves in which this condition is not adhered 
to, but in wliich the most essential peculiarities of each 
ascent are l)rought into evidence. Each set of dots is 
referred to the curve to wliich it belongs by a liglit 
connecting line. Tho readings-off of these curves are 
stated in cols. 2, 3 .... 10 of the* following table, and 
are set down jmt as they were recM from the actnal 
'projections used^ without any sulmquent equalizaiiott ^ 
oj diffcrei^es or co'rrection whatever. 
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C6> contains the means of all the readings in the 
other columns, and from these a curve (the last of the" 
j^late referred to) is laid down which oxhibtts an aver- 
age form of the curve, and embodies all the other results, 
'I'll at this proceeding is legitimate will appear from the 
following consideration: — Suppose t the temperature 
(or ordi%ate of any one of the curves) corresponding to 
the ])ressure (the abscissa), aifd suppose any general 
relation such JRs t- a. <p (p) +^4'(/>) + to subsist, 
&G. being pai^aincters peculiar to eacli curve. 
Then if tlierc he several such curves in v'hich (corre- 
s]U) riding to the same pressure) a, /?, a', /5', a", 
d’c. are the parameters, and t, f' if", &c. the ordinates, 
since t-a ^ ^ -h &c., t' ~ a' p + &c., we 

have ^ 

/ “b ^ 4- &c. a 4“ (I &c. « , ^ 4 S &c. , « 

n* n n 

which shews that a similar relation subsists between the 
weans of the temperatures and the^ j)rcssuros, provided 
'wiHin values of the parameters are us^. 

(30.) This essential point premised, we may now ob- 
serve that the course of all the curves is evidently syste- 
matic ; tha^the tendency to fluctuate in one direction in 
the early part of their course, as marked by the d^ted 
curves in some of them, is contradicted by a simij!j,r ten- 
dency in the opposite direction in others, ai^l that They 
agree in spealdng a language to the eye which we have 
to interpret into a formula. Thus a good deal d(^pends 
on the view we may take of the nature of heat itself 
an3 of temperature. Is there an absolute zero ? And 
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if %o, docs matter occupy space in virtue of the px^<5hce 
•of heat % If we reply in the affirmative to both these 
questions, asid suppose moreover, emjity space absolutely 
devoid of heat, we must take the extreme lowest tlior* 
mometer reading, as i? = — #ii^orrespondiiig to /) -- 0. 
In that case the speculative prolongation of our curve 
would give it a vertical asymptote at /> ~ 0, and as it.- 
aspect so prolonged be^s some general resemblance ti.» a 
logarithmic curve, we will^ye that curve ai;rial. "faking, 

tlien, log. p ™ oL + jSt* (5), we have and 

P 

by equation (4) art. (2^), x-ltf— ^dt (1 + kt) 

^ I3h {(T-0 + A (T-<){ 1 +fJ-p - } ; (6) 

I>nt by equation (5) we have log. V ^ a (ST^ whence 
we get /3 (T — t) - log, P ~ log. p ; substituting which 
in (G) it becomes 

(7) 

(31.) This is^he formula given by Laplace in the 
tenth book of the M<'ca7iiqm CHeate, abstraction made 
of tVo fictors in his expression for x, viz. 

(l + 0 00228- log. ?) 

winctP^jaRes into account the diminution of gravity in 
rq^(Kljng fropi the centre of the earth, and 
(H- 0'00265)*co3. 2X 

being the latitude of the place ; which expresses the 

i Kero expresses centigrade degrees, the same form app?y- 
f iig equally to either mode of expression. 
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infliieice of the centrifugal force arising from the earth’s 
rotation. Tlie value of h, if the logarithms used are 
tlie common tabular ones, may be taken at 60*309 British 
f ',et ; if' hyj)erbolic, at 26,254 feet. This is the formula 
(ineJuding these factors) jxow universally adopted for 
^;olaputiug lieights from barometric observation. Its 
rodiiction to numbers is facilitated by tables which are 
;^iveii in the Annuairo” of the J’rench Board of Longi- 
rude, in Galhraith's Barometric Tables (£din. 1833), 
iud in that very useful colleclion by Arnold Guyot, pub- 
lished by the Smitlxsonian Institution, U. S. (Washing- 
ton, 1852), to which, as containing almost every table a 
meteorologist can require, we onc^ for all refer our readers. 
From this formula it appears that, according to the Ixjst 
estimate ^we can form of the temperature at great eleva- 
tions, the extreme rarefaction specified in art. (10) as 
existing, at 103 miles, on the supposition there made, 
would really be found about 11 miles lower, or at about 
l-85th part of the eai’th's diameter above its surface. « 
(32.) Laplace’s investigation of "this formula is based 
on an assumption (avowedly introduced by him for the 
sole purpose of simplifying his analysis) of a variivtion , 
of temperature with altitude which amounts to sup- 
posing equal decrements of temperature to correspond to 
incremaits of height, deerm^mg progi’essively in ,<Irith- 
metical progression. This is in fact the law«of d^brement 
which would result from our equation (6). ^ It is thei’e- 
fore precisely the reverse of that of Lambert, Zach, and 
Atkinsbn, and, we may add, ^lot in accordance with 
tWb general impression among meteorologists (in which, 
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however, we clo not participate), that tlie decreasi^ is 
slower the higher we ascend. It is somewhat smgular 
that Laplape does ^ not appear to have noticed the 
logarithmic relation (5) w^hich his hypothesis implies 
between the temperature and pressure ; and still more so 
(and we are surprised that the remark should not have 
occurred either to Laplace himself, or to any of those 
who have used his forn?ula) that hivS expression 's' ideih 
tical with that which woujd result from aligning to fhf^ 
whole atmosphere a uniform temperainrey the mean of 
those actually observed at the higher and lower levels. 

(33.) When we come to examine our curve of decre- 
ment more particularl;f, however, it becomes evident 
that it is not a logarithmic curve, but a most undeniable 
parabola. The errors in the former case are systematic, 
and far beyond bearable limits. Supposing the curves 
> agree at the 1 5th and 30th inch of p, the errors are 
at 13, 17, 20, 23, 27, and 30.5 inches respectively H- 2*2“, 
^ 1 '8^ ~ 3-3", - 4-2", - 2*2°, and + 1 *2". The logarith- 
mic curve*, therefore, is not in satisfactory accordance 
with the average course of nature as collected from those 
, nbs(»’vations. 

(34.) If we take for Fahrenheit’s scale *a = - 87°, 
/S f 9*0667, and y = — 0*1333, or for the centigrade 
a = \jB6'llll, ,3=^4-5*0370, and y-— 0‘0?»O, w(*. 
shall fin'd tlui numbers in coL 1 1 to be perfectly w^ell 
represented Tiy the equation ^ = a 4* /3 p 4- substi- 
tuting which in equation (4), integrating from P and T 
to p and ty eliminating y by the equation 

T^^=^/3(p'--p)4-y(F-2A. 
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taking^ 60,309 ft. for the value of li (as adapted for 
the use of common logarithms), putting for h its value 
0.00366, and using the centigrade values nyi a and 
we shall find 

aj=:/J(l+000;?66«)log.I? + 0-000795 |(T-f)H-jS (10) , 

(35.^ To apply this formula to any proposed ascent, 
the readings of the instruments Graving been graphically 
projected, two extreme and bno intermediate pair oi' 
corresponding values of i and are to he fixed upon, 
and thence by resolving the throe simple equations of 
the form y = ^ which these afford, the 

values of a and 13 are obtained, which may then 
substituted in (10), and the value of x determined. 

As an example, we shall take Mr. Welsh’s ascent of 
Nov. 10, which gives P = 29-972, p=: 12*240; T = 
4G"-7 ^. = 8°-16 C.;^ = -ir*3 F.=:~^24°0G C. ; 
a = -94"*804 r. = ~70‘^*44 C.; and jS = + 8°-4848 
F. = + 4^*7136 C., and executing the calculation we 
ol^tain 01 = 22983 feet, which, corrected (by the factors 
in art. 31) for latitude and decrease of granty, finally 
gives aj= 23027 feet, being 97. feet in excess of* tlie* 
height assigned by Mr. Welsh from Laplace’s formula ; 
by which it appears that, whatever be the objections to 
which the law of temperature implied in that formula 
may he liable, it may still bo used with toJurable safety 
even for such altitudes. 

(36^.) If p=:0, or so nearly such as would he the 
case in ascending some 25 or 30 miles, / = a, wbicli is 
therefore tlic temperature a tliorniometor would mark 
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exposed to the total joint radiation of the ear^h 'and 
air from beneath, and lo that into space from above. 
If then we^ call S ihe temperature of space beyond the 
influence of temstrud radiationy we have, at least ap- 
proximately, a = J (T-f S). 'Now we have seen that 
in our mean curve 87^* F, and T = -f65° F,, 

and that in Mr. W(?lsli’s last ascent a = — 95, T = +49. 

■ Doth agree in giving B = -“239^ F. Hence we may 
conclude generally, that , taking for S this value, a may 


be at once assumed as = - 1 1 9-J'' F. 


At the equator, 


then, the limiting temperature of the atmosphere would 
average — 77^'' F., and at the poles about — 119^^ F., 
with a range of temperature from the surface of 161+” 
in the former case,* and in the latter. 


Of L..ND AND Water as Eecipients and Com- 
municants OF Heat. 

(37.) Of the sola'r heat which actually reaches the ' 
surface of the globe, that which falls on water pene- 
trates it to some moderate depth and is absorbed 
internally, while that which is incident bn land is 
wholly absorbed superficially, or within a very minute 
thickness. Water, moreover, is eminently a fton-con- 
ductor 6f heat, so that once received into its substance 
it is only diffusablo by agitation; and since this, 
howeyer violent at the surface of the ocean, diminishes 
^ with the depth, *^the ultimate communication of 
at . downwards to any considerable depth being a 
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Veiy^low process. By far tlie greater portion of the 
daily ^pply of heat to water, then, may be said to float 
within a moderate depth of the surface, forming a kind 
of reservoir of heat. On the other hand, water is a 
good radiant^ and as such is continually, both day and 
night, giving off radiant caloric, which is absorbed in 
traversing the air, and thereby tends to raise the tem- 
perature of the latter medium. It is a property of 
caloric radia^^t from bodies heated below incandescence 
to be eminently absorbable by transparent media. 
Hence it is most probable that much of the* heat so 
radiated off is detained in the lower strata of the air. 
ISTeanwhile a balance is struck in the water itself of 
tlie quantities received and parted wdth, by the pre- 
ponderance of one or the other of which it gains or 
loses in average temperature on the 24 hours. Thus, 
ill the .warm season, when days are long and nights 
short, the general temperature^ of the sea is slowly 
rising above its annual average, and vice versa in tlie 
opposite season. Below a certain depth, however, the 
temperature of the ocean would ^^pear to be deter- 
mined by other causes, and to be very little depe^^dcn^ 
on its svperfioial amount or fluctuations. It results 
from the observations of Kotzebue, Beechy, and Sir 
James*C. Boss, as a general fact ascertained by tkenno- 
metric soundings, that the deep sea below a 

certain level, determined by the latitude, is of invariJble 
temperature throughout the globe, and that a very low 
on(} ; the calculations of Len^, founded on Kotzebue’s 
nisults, giving 3C'’ F., and those of Ef)ss 39'’’5 (which 
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last is tho temperature at which pure water attofths, ^ts 
Inaximum of density). The depth at which the fixed 
temperaturg is attah^^ed is about 7200 feet at the equator, 
diminishing to lat. 56^" on either side of that linf^, 
where it attains tho surface, and the sea (supcrhciul 
currents apart) is of equal temp(?rature at all depths. 
Thence, again, the upper surface of tliis unifojun sub- 
stratum doscends, and .at 70"" of latitude has already 
attained a depth of 45 QO feet. Thus *1116 ocean is 
divided into three great regions; two polar basins in 
which the surface temperature is below 39°, and one 
niedi'il zone above it, attaining 8° at the equator, and 
at the poles of course the freezing point of sea water. 
It is within these respective regions only, then, that 
superficial currents can act as transporters of *ineleoTo- 
logical tonii)cratare. 

(38.) The habitudes of dry land with relation to 
incident heat are very different. There is no mobility 
of parts, and the communication of heat downwards is 
therefore entirely a process of conduction. Bid what 
is most influential' is the fact that the absorption is 
performed strictly on tho exposed surface, which there- 
fore in the instant of absorption fixes ujjon itself Mutliin 
a very minute (lepth all the heat which, falling on water, 
would in tho same instant be disseminated t^llrough 
many feet or •yards of its substance. The mere super- 
ficial film, then, becomes much more heated, and, since 
it a law of radiation that its intensity increases 
mpidljii with the temperature of the radiant surface, it 
cadijfes out on the very instant a much larger fraction 
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of .tli^ total incident heat than in the case of water, 
he3ides*inxparting to the air by contact-communication 
a proportionally greater amount. In water t]^e absorbed 
Ixeat is for the most part withdrawn from the radiant 
action, enveloped and husbanded. In dry land it is 
instantly anil \vholly exposed to such action in its 
most intense form. It is no uncommon thing in dry 
and light («.c. badly conducting) soils, in hot climates, 
to find a sujTerficial temperature of 120°, 140° F., and 
even more. We have ourselves observed it at 159° F. 
at the Capo of Good Hope. In the arid regions of 
Australia, Captain Sturt reports that a iucifer match 
dropped on the ground takes fhe. The surface water 
of the equatorial seas is scarcely ever known to range 
higher tjiaii 85° in the day and a degree or two lower 
in tlio night. 

(39.) That portion of the heat which enters the 
soil is conducted downwards, and so long as the surface 
is gaining in temperature, a wave of heat is continuously 
propagated downwards into the eifi'th. When the siir- 
lace, however, by the decline of the*sun, begins to lose 
heat, this ceases, and (the radiation still continuing) 
what may b(i called a wave of cold (less comparative 
heat) begins to bo propagated, and so .on alteniatoly 
during*the day and night. These waves as they run 
on spread forwards arid haeJewards, and ao by degrees 
neutralize ami destroy each other. Thus the ’diurfia' 
fluctuations of temperature benouth the surface grov 
continually less as the deptJi increases; the rate o 
djminution ^lepending on the “conductility ” of the soil 
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In ordinary soils the difference between the 

and nocturnal extremes becomes imperceptible^atf^pliui^; ;^ 

feet below ^the surface. (Quetelet^ Mem, 

1836.) In like manner, Che general incrca8^i^^f^f;ii0i||fe^J 
due to the summer season, and of cold duri^j 
axe propagated in similar but larger and feebler ^Sjfeiual 
waves, which in their turn neutralize each at more 
considerable depths, and become imperceptible at 40 or 
50 feet. Professor Forbes has shewn i* an elaborate 
memoir on lliis subject {'trans. H, 8. Edin., xvi.) that 
at depths varying from 57 to 99 feet, according to 
the nature of the soil, the annual variation does not 
exceed 0®. 01 C. • 

(40.) Thb absorption of incident heat as solar heat, 
and its radiation outwards as terrestrial heat e. heat 
of a much more absorbable nature) by the solid surface, 
depends very much on the nature of its substance ; but 
if the ground be covered with vegetation, the whole of 
the incident heat is returned back either by radiation 
or contact -communication to the air ; and the soil 
receives no heat Where so covered, otherwise than cir- 
^ cuitpusly through the medium of h.eatod air. All these 
causes acting together produce a vast difference as 
respects the temperature of the air in regions of the 
globe covered by the ocean and those occupied*^ by dry 
land. In tl^^e former its fluctuations, both diurnal and 
aifjiual, are confined witliin very much narrower limits 
than in the latter;. and this contrast, which theory 
indicates, is confirmed by universal observation," as the 
expression of the distinction between an insular an<j* a 
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cmti^ntal climate, or that of a small island remote 
from all other land and of the central regions of an 
extensive continent If there be one geijeral feature 
in meteorology more prominent than another it is the 
unifortiiity of temperature over gi'cat bodies of water, as 
compared to that undet similar exposures to the direct 
"suh onjand. 

(41.) TerrestHal Radiatmi» — The theory of radiant 
heat promulgated by PrevosJ;, which all experimental 
inquiry into the subject has tended to confirm, lays it 
down as a principle, that a mutufil interchange of heat 
is continually taking place between all bodies freely 
exposed to view of each other, the hotter radiating 
more than the colder in the ratio of some function ^ 
increasing with the temperature. The experiments of 
Dulong and Petit on the radiation of bodies in vacuo, 
have shewn that this function, within the limits of 
their experiments, is of the exponential form, or in 
other words, that the force of radiation in vacuo 
increases in geometrical progression as the excess of 
temperature of the radiant body* above that of its 
envelope increases in arithmetical.* Hence, when 
hot body is placed in presence of bodies, some colder 
some hotter than itself*, an equilibrium will rapidly bo 
<3stabli%hed, in which its momentary gains and losses of 
heat to and fro among them all will balaime each other, ^ 
^nd its temperature will thenceforward be unchj^g^d. 

(42.) Such will be the case nf the body bo com- 

^ * Tliere must be some natxii^al (limit to such a law. Radiation 
in absolute vacuity cannot he infinite. 
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pletely surrounded o)- enclosed "by others. But if only 
])artially so, if there ho an opening out into perfectly 
free space, through which rays of heat can escape, and 
from which none aro returned, heat will constantly flow 
out fr om such a system, and the body will be maintained 
at a temperature lower than that of such partial enve- 
lope, and tlie more so the larger the angular ^xrea of 
the opening. 

(43.) If it were certai^i that the vacuuM, or setherial 
medium in which the planets move, and which conveys 
light, had absolutely 7io temperature of its own capable 
of b(^mg imparted to matter, and if the air were per- 
fectly transcalesccnt and incapable of radiation from its 
own particles, or from those of impurities floating in it, 
a thoriiiometor placed a very small distance from the 
ground, with an unobstructed view of the shy, would 
receive from the hemisphere above it no heat but that 
radiated from tne stars and moon; or (putting the moon 
out of the question, as it is almost certain that no 
portion of her heat c.^capes absorption in the air), none 
bearing a greater ratio to' that it would receive |roni the 
^sun,*than the light of a starlight night to direct sun- 
shine, which cannot exceed that of 1 to 100,000,000. 
It may therefore he regarded as nil, 

(44.) The mean temperature of the earth rerfiaining 
unchanged, it necessarily follows that it emits by radia- 
tion fnom and throiigli the surface of its atmosphere, on 
an average, the exact* amount of heat it receives from 
the sun, lc., as much m would melt 0*01093 *in. in 
thickness of ice per minute over the area of one, of its 
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gr^at ttrclcs, or one-fourth of this thickness (0-00273 in.) 
over its? whole surface (art. 11, 12), wliich is equivalent 
to 135-960ths of that quantity, or 0*000374 in. depth 
of water per minute (or l-40th in. per hour), condensed 
from its dew point. Taking this as the measure of the 
total average radiation, one-third of it, or 1 '120th in., 
may be taken as radiated oif from the atmosphetc 
^dthout ever reaching the earth, and the remaining 
two-thirds (1^0 0th in.), may considered as got rid of 
by radiation, direct or indirect, from the surface of the 
earth. In complete, absence of any means of estimating 
the ratio of these portions, wc may suppose the latter 
to be one-half of 1-GOth or 1-1 20th in. Let us now 
consider the manner- in which this part of the process 
takes plaj^e, supposing a clear sky to prevail. 

(45.) Conduction through the soil is a very slow 
process,# radiation a very rapid one. So soon, then, 
as the sun has sunk so low as not to counteract the 
earth's radiation, the immediate surface begins to i)art 
with its heat, at first, of course, slowly, but as night 
advanceynore rapidly, and at length much faster than 
it can percolate from the interior to supply the wikstc. 
Tlxe surface, tliferefore, becomes greatly chilled, and a 
wave of cold (to use the mode of expression adopted in 
art. 39)5 ^ propagated down’wards, neutraliring and 
destroying the heat-wave rising to meet ij^ — a process 
which goes on leisurely, and takes its own time. 
Meanwhile the chilled surface now borrows heat from 
tbe air* also, to supply its waste, 1st, by contact-com- 
mflnication; 2d, by downward radiation; and, 3(i, hj 
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condetisation of vapour when the temperature ^bf the 
surface-air is reduced to the d>ew pointy and thus attains 
that state *oi equilibrium which the circumstances 
admit of. The process is in fact in every respect tlie 
converse of that described (art. 38), by^ which heat 
penetrates the soil, the immediate surface exhibiting in 
both eases the most sudden and violent effoqt of tlie 
acting causes. « 

(46.) The most consecutive series of experiments 
and observations we possess on terrestrial radiation, are 
those of Dr, Wells, Professor Daniell, Captain Sabine, 
and more recently Mr. Glaisher, the author of a very 
elaborate memoir on the subject (Phil. Trans., 1847). 
Our limits will only permit us to mention some of the 
more prominent results obtained. Tlie ma?:im.um of 
terrestrial radiation takes place when a perfect calm and 
cloudless sky prevail during a long night, in* a level 
country. L ndcr these circumstances, there is nothing 
to disturb the air immediately resting on the soil, so as 
to replace the air^ cSoled by contact with the chilled 
surface by warmer air from above; and if a f series of 
• thermometers be exposed at various heights above the 
surface, that which is just not in contafit wUl be found 
to mark several degrees lower tlian the general tempe- 
rature of the air, and the others at greater aftitudes, 
will stand pjrogressively higher, up to about 10 or 12 
feet, the difference, however, above 4 feet being very 
trifling. * 

(47.) The dep;ression»of the thermometer exposed to 
r^iation in contact with any horizontal surface is 
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greater*^ as the radiating power of the substance of 
which tliat surface consists is greater, and as its power 
of conducting heat is less. The greatest •depression 
observed by Mr. Glaisher below a thermometer freely 
suspended at^l2 feet above the ground, was no less 
than 28°. 5 Fahr. ! the lower thermometer being placed 
on raw cotton wool on long grass. The relative de- 
pressing powers of this and othe? supporting substances, 
assigned by hiln from a mean of all his observations, are 
given below j long grass being taken as a standard. _ 


Hare Skin . 

1310 

Oliarcoiil Powder . 

770 

Rabbit Skin . 

1240 

Jet-black . 

741 

Raw White Wool . 

1222 

Shfc»t Zinc 

OSl 

Flax . • . 

1186 

White Tin . ' . 

007 

Raw Silk . . 

1107 

Snow .... 

667 

Un wrought White Cot- 


Sheet-Iron 

642 

ton Woc4 . 

1085 

Paper .... 

014 

Long Grass . 

1000 

Slate .... 

573 

T^mp-black Powder 

901 

Garden Mould 

472 

Flannel. * . . . 

871 

River Sand . 

454 

Glass .... 

804 

Slone . . . • . 

390 

Sheet Copper 

839 

Brick .... 

372 

Coloured Lambs’ Wool . 

832 

Gravel .... 

288 

Whitiner-Dowder . 

827 

• 



(48.) When a thermometer is exposed with its bulb 
in the focus of a concave silver hemisphere * or para- 
boloid, highly polished both internally and externally, 
and deep enough, when exposed with the concavity 
upward^, to exit off from the thermometer all view of 
the earth, and as it were to continue the sky beneath it, 
it can only receive heat by condensation and radiation 

t 

* Thff 6gare is absolutely of no importance, A paraboloid is 
geijprally used, for no reason that we can perceive but to increase 
the cost. 
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from the air, and from the condensation of nroisture. 
A thermometer so exposed under a clear sky, and 
shaded frtmx direct sunshine, always marks several 
degrees below the temperature of the air, and its 
depression affords a rude measure (of the statical kind, 
and open to all the objections to wliich that kind of 
measure is open. — See art, 13) of the facility for the 
escape of heat by radic^ion afforded under the circum- 
stances of exposure, compared with exposure on 

any of tlio supporting substances above enumerated, 
the Ipnressing power of such a refleclihi by Mr. 
(llaisher’s CA'i^^eriments appears to, be 888, that of long 
grass being 1000, which is almost identic^ w:ith that 
of the glass of which the bulb is formed. If the axis 
of such a reflector he directed to a cloud, or to any 
terrestrial object, the thermometer iinniediatoly rises, 
even should tliat object bo the summit of h, snow- 
covered moantain (as 'vve bad ourselves occasion 'to 
observe on April 18, 1824, from the roof of the 
observatory, at Turin, the snowy range of the AlpJ 
affording an excellent object for trial). If dm*cted to 
‘ a clsbud, tlie height of the cloud is not indifferent — Mr. 
Glaishor’s observations clearly shewing that .the higher 
the cloud the gi’eater the radiation upward, whether 
estimated by the reflector, or by the. depression of 
. a ^thermoin^er laid on grass. Thus in nights uni- 
formly and totally cloudy, the mean height of the 
clouds being respectively 1900, 2800; and 3700 feet 
(which Jiis peculiar situation enabled him to ascertain), 
the depressions were found to average P’G, 2® '5, 
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clatrly^ndicating tho lower temperature of the higher 
clouds. 

(49.) As an instance of the effect of terrosrtrial radia- 
tion applied to a practical purpose, may be mentioned 
the manufactijre of ice in the East Indies. Tlie process, 
as described by Mr. Williams {Phil. Tr.y vol. Ixxxiii. 
p. 56)j pjactised in Benares on an immense scale, con- 
sists in exposing shallow porous •earthen pans on straw 
in a level area* divided into cu^mpartmeiits four or five 
feet square. The pans are filled in the afternoon ; and 
tho temperature being much reduced by evai^rv^ifion 
before night, the freezing process^ is complff'tbd by radia- 
tion at night. In this way Mr. Williams has often 
scon ice 1 1 inch in thickness produced in December, 
January, ^nd February, tho thermometer at 5} feet 
above the ground, marking from 4F to 4G° Falir. In 
a night Df 12 hours, it may bo remarked, the mean 
emission of heat from tho earth^s surface, taken as 
two-thirds of tho total mean radiation, would suffice for 
the conversion of 480x0*00273 or ^*31 in. into ice 
(art. 44). So that there can be no necessity to recur to 
other causes tbin radiation (as has been done by sonic) 
for a full account of the effect ohserved. 

(50.) Of the evaporation and condensation of water y 
and the Wdaiation of aiVy as elements of potver in 
Meteorological Dynamics. — Water, freely ^fixposed tq 
the air, evaporates at all temperatures, even when in the 
state of snow or ice^ The rapidity* of evaporation is, 
however, *inuch increased by warmth. Thus, in a calm 
atmosphere, under the ordinary pressure, Dalton found 
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that when, from a certain surface, the evaporatie^h from 
boiling water proceeded at the rate of 40 grs. per 
minute, it was 20 grs^at a temperature of ISO*^ Fahr., 
13 grs. at 164°, 10 grs. at 152° and so on. Cceteria 
paribus, in dry air the rapidity of evaporation is propor- 
tional to the elastic force with which the generated 
vapour tends to escape from the evaporating surface ; 
i.e., to the tension of -wapour due to the temperature 
of that surface. If th^^air be already' moist, evapo- 
ration is proportionally retarded, the force of escape 
beiii^i^e ditlerence between the clastic tensions of the 
generated Vapour and of that already existing in the 
air. Under a low atmospheric pressure, also, it is far 
more rapid than under a high one, owing to the 
comparative absence of obstruction to the diffusion of 
vapour by the aerial particles — vapour being subject 
to the same laws of diffusion and non-reciprocity of 
pressure as other gases, and indeed, while maintained 
in the vaporous state, to all the other laws of gaseous 
statics and dynamics. Owing to the same reason, 
evaporation is accelerated by wind blowing over the 
evaporating surface, which removes the generated 
vapour as fast as it is prodheed, and dispenses with 
the slower process of diffusion upwards. ijeeferis 
paribus, moreover, the amoupt of water evapbrated is 
gr^portipniU to the surface exposed to air* It is much 
gi*eator, therefore, from rough and porous solid sub- 
stances kept wetteil (as, for instance, from moist soil 
or from vegetation Wetted by rain), than Irom the 
surface of water itself; and from the latter, wben 
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a^ftated^ by winds or daslied in spray, than when 
tranquil. 

(51.) Evaporation never takes place without tlie 
abstraction of heat from the evaporating surface. 
Every grain *of water evaporated carries off with it 
sufficient heat to raise 960 grains, 1° Fahr., to supply 
which, that quantity of the residual w^ator must have 
been cooled P. This heat, however, is laUnt, e., 
does not appear as tcmperafiile\ii the vapour produced, 
which is no warmer than the surface from widely, 
(jmanates. On condensation, however, the .absorbed 
heat is given out again ; and dhus aqueous vapour 
becomes an agent in the transfer of heat, in its latent 
state, from one part of the globe, or from one region of 
the atmofa’J)here to another, just as a moving body 
transfers the impetus which created its velocity to the 
place where it encounters an obstacle. 

(52.) Vapour introduced into the air acts as a 
moving power in two distinct ways^ By a simple 
addition of volume. The tension c€ the vapour is 
added to the clastic force of the air, according to 
Balton^s law, and increases by the same amount the 
total power of the mixture to support pressure. Were 
the specific gravity of vapour the same with that of air, 
the effect of its introduction would be simply one of 
distension. It would tend to relieve itseli by lateral* 
diffusion, or removal of obstructing air; and if prevented 
from so , doing, would simply heave up the incumbent 
aerial column in struggling to ^diffuse itself, and so 
increase its total vertical altitude. 2(|, But a far more^ 
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efficacious motive power originates in the less^*^specffic 
gravity of the vapour of water than of air of the same 
temperatufe (0‘C235 :**!). It is the lightest of all known 
vapours/’ and, with exception of hydrogen and 
ammonia, the lightest of gases. In consequence, as 
soon as generated, it tends to rise in the air by its 
buoyancy, and in so doing, carries up with it irouc^h of 
the air with which it is intermixed, disengaging itself 
no doubt from it, in itt^npward progress, to become 
isjij^tangled, however, with fresh particles, which again it 
carri^S'ta:c[)ward, to abandon them for others. In this 
way, not only is its ppward diffusion for more rapid 
than its horizontal, but in its struggle upwards it tends 
to produce an ascensional movement in the air itself, 
and thus (as we shall presently see) to act as a powerful 
agent in the production of wind. 

(53.) AVlienover vapour comes in contact \vith any 
body? or arrives at any locality whose temperature is 
lower than that due to its tension, a portion of it con- 
denses into watev, or, it may be, into ice. In so doing’ 
it gives out again its latent heat, which is communicated 
to^the condensing body, raising its temperature, or else 
is disseminated throughout the region, together with 
the condensed particles. If the condensation bo into 
water, the heat thus reappearing as temperature is 
gl^cisely tVie same in amount as that taken up in 
evaporating the same quantity of vapour from water, 
or 960® Fahr.; if into ice, the additional ai!hount of 
J35”, which is that ‘'which becomes latent on the 
convetsinn of ice into wato is set frea If^tlie 
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cojidcusation takes place at the surface of the earth 
the resillt is dew or hoar-frost, according as the surface 
is above or below the freezing-point; if aloft* in the air, 
the result is a cloud of mist, or, if abundant, rain, 
snow, or haiL Eut in every case the condensation of 
vapour is accompanied with a mitigation of cold at the 
point wj^ere it actually takes place. The same is true 
of the freezing of water, howe\^r contrary to ordinary 
notions. Wf:re it not for th^s, om winters would be 
intolerable. 

(54.) It is clear, moreover, that the generation ol 
vapour, under any extensive region, moy%Tapidly than 
it is carried off by diffusion or otherwise, must be 
attended with an increase of barometric pressure, since 
the total ^weight of the atmosphere vertically over any 
region must be supported by the total area of surface, 
and equally so that its condensation, provided the con- 
demed water he abstracted Jrom the atmosphere^ must 
lead to a diminution of pressure. The contrary will 
happen if the vapour generated be*carried off as fast as 
produced by such a general upheaving of the aerial 
strata over any region as shall subvert their equilibrumj^ 
and cause them to overflow, upwards and laterally. In 
such a case, since air also will be carried off bodily from 
the region, and be replaced by vapour, the mean specific 
gravity of the whole aerial column, and its J*otal weight, 
will be, diminished, and the barometric pressure lowereH. 
This talmas place on a most extensive scale over the 
intertrofical seas. The temperature of the surface 
water in them is habitually very elevated (from 78'^ at 
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tlie tropics to 83° at tlie equator), and varies liy:lo 
by the vicissitudes of season, or the alternation of day 
and night., A steady and copious evaporation is there- 
fore continually going on. Vapour, cariying with it 
air, is constantly thrown up beyond the levels of 
equilibrium, whore it flows over and spreads itself out 
over the upper regions of higher latitudes. The imme- 
diate consequence is a fiabitual deficiency of barometric 
' pressure at the sea-level on the equatorial, as compared 
with that on the extra-tropical seas. In a voyage to 
Good Hope in 1833-4, the w^ritcr of these 
pages found tjiis decrease from the tropics to the equator, 
on either side, to amolint to 0*24 in. He was not at 
the time aware that the fact had before been noticed by 
Schouw and Humboldt. 

(55.) The dilatation of the air itself by heat, whether 
communicated to it from the earth, or radiated directly 
into it from the sun, acts in a somewhat dilferent 
mamver, Air is dilated only by about one-tentli of its 
volume by 50° Fahr. increase of temperature, so that 
unless locally anJl violently heated, its effect in pro- 
c.;..dtu)ing bodily uprushing currents is comparatively less 
than that of the introduction of vapour into its mass. 
When heated over large tracts, it acts rather by 
increased elasticity to upheave the ^ superincumbent 
strrita, and,Jby bulging them upwards, to destroy their 
equilibrium, and cause the upper atmoaphei?e, to flow 
oVer^ onless heated^ regions. The general effect, how 
ever, is similar; and aq^thc sun cannot generate vapour 
without at the same time heating the air, it is impossible 
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tg separate their dynamical effects. Whether the air 
go forth from its place propria motu, or be jostled out 
of it by the introduction of a lighter n^dium, the 
local relief of pressure is equally produced. 

(56.) Of the tvinds . — Among the proximate agents 
in meteorology, the winds hold the first place. To 
their agency is owing the subversion of what Humboldt 
has termed the solar climate the world (or that 
which woulc>- exist were the ^atmosphere motionless), 
and the production of its real dimate. This they 
effect in two ways, viz., 1st, Direttlf/, by trans^'.'LTing 
into regions remote from their origin ihe heated air 
and aqueous vapour (charged with latent heat) which 
the sun’s direct action generates ; and, 2dly, Indirectly , 
by caiisiijg currents in the ocean, which convey to one 
locality the surface water heated in another. In both 
ways they effect a constant circulation, both of heat 
and moisture, the two great elements of climate, which 

• cannot therefore be understood till we know something 

• of the habitual force and direction* of these great aerial 
movements, considered on an extensive scale. 

(57.) A very small difference of atmospheric jirei*** 
sutes, as a moving power, suffices to generate a con- 
siderable windL Caleukting fi'om a foimula given by 
B. Berllouilli to express the velocity of a gas issuing 
through an orifice in a vessel in which it if^ compressed, 
into W^l^unding air of less elasticity, it appears that, 
to geheiSate in atmospheric air, velocities of efflux equal 
respectively to 10, 20, 30; 60>90, 120; and 150 feet 
pdl’ second (or of 7, 14, 21 ; 41, 61, 82 ; and 92 miles 
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per hour), would require corresponding efFectiveWliffer- 
ences of pressure of 0*006 in., 0*010 in., O'OIG ill., 0*06 
in., 0*14 in., 0*25 in., and 0*41 in. These may he taken 
as the velocities of wind in a gentle air ; a light breeze ; 
a good sailing breeze ; a gale ; a great storm ; a tempest ; 
and a hurricane producing universal desolation, sweeping 
away buildings, and tearing up trees. . The corjespond- 
ing pressures of the wind per square foot on a plane 
surface, perpendicularly pgposed to it, art respectively 
in pounds 0*2, 09, 1*9/ 7*6, 16*7, 30*7; 37*9. It 
must bo borne in mind, however, that for such pressures 
to produce the velocities ascribed to them, they mfUst 
be supposed to act unmitigated by any graduation, 
which is never the case in nature, the transition from 
a higher to a lower pressure at stations renjote from 
each other being always extremely gradual, so that 
barometric elevations and depressions to a mush larger 
extent ma;^ and do exist without giving rise to ^reat 
winds. It is only when sensible differences subsist 
between the pressures at places near each other that 
violent phenomena arise. 

•*6'^ «(58.) We have seen that the immediate effect of the 
application of heat to any region is to generate an 
ascensional movement in the incumbent atmosphere, 
a bodily overflowing of its material above, and a relief 
of barometsfeal pressure below. The air of the cooler 
^ surrounding region not being so relieved (but rather 
the contrary, owing to the increase of weight poured on 
it from above), will bof driven in by the diffel^nco of 
hydrostatic pressures so arising, and thus originate two 
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distinct* winds, an upper one setting outward from tlie 
heated legion, a lower inward. If the region heated 
be a limited one, these currents will radiat^ from and 
to it as a centre • if a linear tract, or a whole zone of 
the globe, such as the generally heated intertropical 
region, they will assume the character of two sheets of 
air setti]|jg inwards on both sides below, ‘uniting and 
flowing vertically upwards aloi^g the medial line, and 
again separatk.g aloft, and takjng on a reversed move- 
ment. 

(59.) In this account of the production of wind, 
however, no acxjount is taken of the oart|i^s rotation on 
its axis, which modifles all the* phenomena, and gives 
their peculiar character to all the great aerial currents 
which prevail over the globe. The first clear perception 
and announcement of this cause, as affording an expla- 
nation of the trade winds (otherwise inexplicable), is 
due to Hadley Tr,^ 1735), and affords a beautiful 

demonstration of that great astronomical principle as a 
physical fact. To form a right estimate of its importance, 
it is only necessary to observe, that of all the winds 
vi^hich occur over the whole eajth, one-half at Ifififitw 
more probably two-thirds, of the average momentum is 
nothing else tlmn force given out by the globe in its rota- 
tion inliho traae currents, and in the act of reabsorp- 
tion or resumption by it from the anti-tra^s, 

(60.) Since the earth revolves on an axis passihg 
through its poles from west to east,- each point in its 
surface* has a rotatory velocity j^astward proportional to 
tlfb radius of its circle of latitude, and any body of air 
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relatively quiescem on that point will have the saipe* 
Conceive now sucli a body to be urged by any‘impnlse 
in the direction of a. meridian towards tho equator. 
Since such impulse communicates to it no increase of 
easterly velocity it will find itself, at each point of 
its progresjs, continually more and more deficient in 
this element of movement, and will lag behind the 
swifter surface below it^ or drag upon it with a relative 
westerly tendency. In other words, it v ill no longer 
he a direct north or soutll wind, but, relatively to the 
surface over which it is moving, will assume continually 
more and more the character of a north-easterly or 
south-easterly one, according as it approaches 
equator from tho north or. south. 

(Gl.) Meanwl^e, however, the earth is continually 
acting on the air by friction, and communicating to it 
rotatory velocity. As it approaches the equator, in 
whose vicinity the diurnal chcles increase more slowly, 
the relative westerly tendency is continually less and 
less reinforced by tha cause which produced it, and the 
counteraction arisftig from friction acquires energy, till, 
jm j?,rrivLng near the equator, the wind loses its easterly 
character altogether 3 while tho northern' and southern 
currents here meeting and opposing, mutually destroy 
each other, producing a calm; and become Reflected 
upwards to^form an ascensional current replacing the 
aiv abstracted. The result, then, is the formation of 
iiwo great tropical belts, in the northern of which a 
north-easterly, and in ^ the southern a south-ieasterly 
wind prevails, •while the winds in tho efpiaiorial belt 
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which separates them, arc comparatively feeble and free 
from atfy steady prevalence of easterly character. This 
is the general description of the trade windj^as actually 
observed. 

(62.) A precisely contrary set of re-actions takes place 
on the upheaved or displaced equatorial air. In flow- 
ing ovGjj* to regain its level, it commences its course 
relatively in a meridional direction, but really with the 
full amount* of easterly velocity which the earth’s 
equator has; and since this, as it proceeds north or 
southwards, is in excess of what would suffice to keep 
it on the same meridian, it continually deviates to the 
’llUtw’ard; and when it again fetums to the earth in 
its circulation, which it does on both sides beyond tbe 
tropics, ij does so with a powerful ®fetward tendency, 
and the more, as in its course it has been less under 
the influence of surface friction, owing to the elevated 
region in which it has travelled. It thus restores to 
the mass of the earth the momentum abstracted by it 
in the former phase of the cycle.* We have here the 
prigin of the S.W. and westerly gafes, so prevalent in 
our latitudes, and of the almost universally westely«i 
winds in the northern and southern extra-tropical seas. 
The existence of an upper current, opposite in direction 
to the ^nder, is a matter of frequent observation, as 
shown by the courses of a lower and high^ stratum of 
clouds. 

(63.) Were the Whole globe covered with water, and 
the 8uh always in the equinqptial, the system of the 
trades and anti-trades (for so the compensating westerly 
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winds may conreniently be designated) would be per- 
fectly symmetrical about the equator, as tbei/ medial 
line. Two causes tend to derange tbis symmetry, viz. 
— \stj The movement of the sun in decimation, which 
carries it alternately away from the equator to on 
either side ; and 26?, The existence and peculiar form 
of the continents. i 

(G4.) Suppose the sjin at the northern tropic. At 
that time, the region beneath the southftrn being 47® 
from the circle of vertical sunshine, will be receiving 
little more than half its maximum of solar heat (art. 12), 
and thu circle, of 47® latitude will bo' receiving as luudi 
heat as the equator itself, or more, the days beS^ 
longer. If this state of tilings 'were permanent, the 
neutral line woulJKhift from the equator to tha northern 
tropic, caiTying the whole system of the trades with it. 
But the sun approaches the tropic gradually, and does 
not remain there, hut returns to the equator; and as, 
moreover, the general temperature of the ocean foUo\vs 
very slowly the actidn of its rays (art, 40), these effects 
cannot bo fully wrought out, or nearly so, and the 
that could arise would be a very moderate 
northerly transfer of the medial line, and with it, of the 
inner and outer limits of the trades ; and as the reverse 
effects will of course arise when the sun gets into south 
decimation, 4he result altogether will issue in a perio- 
dical annual oscillation of the wind system to and fro 
on either side the equator; the maximum excursions 
felHng lateT in the yearrthan the precise epochs*" of the 
solstice, on the geneAl principle that cuMtjLATfVE 
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E1?TECT8 NECESSARILY ATTAIN THEIR MAXIMUM LATER IN 
POINT OF TIME THAN THEIR CAUSES. 

(65.) This is very nearly an accurate account of the 
real state of things in the Pacific Ocean, whose vast 
extent hring.^ it within the general scope of our hypo- 
thesis, and in which the north-eastern trade extends 
from al>#ut 2° to 23° north latitude, in its mean situa- 
tion, and the south-eastern from about 3° to 21° south 
latitude. Be1:ween them an equatorial belt of 
about 5'^ in breadth, of such habitual calm as to have 
given a name to the ocean itself. The annual oscilla- 
tion is confined within very moderate limits. 

(CC.) In the .Atlantic the disturbing influence of 
the continents is very sensibly felt. The great mass of 
Africa, a»d especially of its sandy and burning deserts, 
lies considerably north of the equator. These become 
intensely heated, and their temperature follows the sun 
much more closely than that of the sea. There can be 
no doubt that the medial line of the trades crosses 
Africa considerably to the north the equator, nor 
that the annual oscillation of the northern trades at 
least is very great, and the influence extends to 
neighbouring Atlantic. In this ocean the equatorial 
limit of the north-east trade shifts mth the season 
from to 11° N. lat., and that of the south from 
about 2° to 3° 15' nr., so that tbe medial line lies always 
a little north of the equator. 

(67.J It is in the Indian seas, however, and especially 
in the vicinity of the great Asiatic continent, that the 
distuibing influence of the land is most clearly exhi- 
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bited, issuing in a complete reversal of the north^effet 
trade during a considerable portion of the year, and the 
production •of monsoons, «.(?., of winds which blow half 
the year in one, and the other half in the contrary 
direction. When the sun is south of thQ. equinoctial, 
it being the cold season in those continental regions, 
the regular trade winds prevail througliout th«3c seas, 
and what is called the north-east monsoon is in fact no 
other than the undisturbed north -east*" trade wind. 
, But where the sun has north latitude, and especially 
about the northern solstice, it is vertical over a very 
large region ojf Arabia, Hindostaii, Bengal, Burmah, 
and Cochin, which Ij^come, of course, intensely heated. 
Under these circumstances, besides the permanent lino 
of maximum temperature in the equatorial seaij there is 
developed another more intense and less regular line 
of the same nature, under or near the northerif tropic, 
towards which, and not towards the equator, a large 
proportion of the intermediate air is drawn. Eeceiving 
thence a northern pnpulse, and that impulse carrying it 
into a region of less rotatory velocity than that which 
left, it assumes a relative south-west direction, 
; and is called the south-west monsoon. Meanwhile, 
south of the equator, the south-east trade continues to 
prevail from May to October over aU that part of the 
Indian OceaA which is not skirted with large tracts of 
land to the south; but where this is the case, as in the 
Java seas, as far as JTew Guinea, which *are skirted to 
th^ Bcmth by the greateAustralian continent, we have 
agaiii a double maadmtim, and the phenomenon 0 / a 
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N.W. monsoon taking tke place of the S.E. trade. 
Tliose would wish to pursue this subject into 
details, are referred to Dove’s Meteorological Kesejxrches, 
Kaintz’s Meteorology, and Horsburgh’s India Directory, 
and more especially to the wind^charts published by 
the Board of Trade. The setting in of the monsoon is 
generall^^ accompanied by deluges of rain and thunder- ^ 
storms of excessive violence. » 

(68.) Sind land winds^-^JIhe uniformity of tem- 
perature oyer a surface of sea, compared with that over 
land, gives rise to winds alternateljf setting to and 
from the land, at those seasons when it #is powerfully 
heated in the day time, while at night its temperature 
sinks to an equality, even sometimes below, that of 
the sea siirrounding it. As the hottest and coldest 
hours of the day ai-e about 2 p. m. and a little before 
sunrise, the winds in question necessarily attain their 
greatest power at somewhat later epochs in the day. 

" J j 4^9.) Dove's law of rotation of the wind, — It is not, 
*&0%ever, merely in the great syst’eip of aerial move- 
ments which affect the whole atmosphere, that the 
inflqence of the earth’s rotation is felt. Even vesy 
lindted local movements are modified by it. It is a 
remark as pld as Lord Bacon {de VentiSy 1600), and 
sinee confirmed by Mariotte in France, Sturm in Ger- 
many, Toaldo in Italy, and many other ^‘mt 0 ^s both 
in Europe and Korth America, | that the wind has a 
decidedly preponderating tendency to veer round the 
conipass according to the sun’s* motion, l,e,y to pass 
from N, through H.E., E. &E,, to^^south, and so on 
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round in the same direction through west to north ; that 
it often makes a complete circuit in that di/ection, or 
more than one in suo«ession (occupying sometimes many 
days in so doing), hut that it rarely veers, and very 
rarely or never makes a complete circuit the contrary 
direction. M. Dove in his ^^Mdeomlogische Untersiich* 
was the iirst to shew that this tendpney is a 
direct consequence of the cause above mentioned. 

(70.) Suppose at ony station in liorth latitude, 
after a calm, the air over and around the^ place, for 
some considerable distance, to receive an impulse in 
the directiouk of a meridian, carrying it towards the 
equator. The first air which passes over the station, 
coming from its immediate ij^j^ighbomiiood, has the 
same rotatory velocity as the station, and therefore 
passes it as a north wind. But the movement con- 
tinuing, that which arrives subsequently havifig set out 
from a coiitinually higher and higher latitude, arrives 
with continually less and less rotatory velocity, and " 
therefore in its passage over the station, will relatively 
decline more and more to the east, and pass as a north- 
t wind. If now the southward movement relate, 
and at length cease, the relative motion from the east 
will continue for a while, till destroyed by friction, 
and the wind will for the moment have become a 
direct easU wind. Now, suppose a contrary impulse 
given, or that the mass of air begins to travel again 
northward, the eaSt wdnd will evidently begin to be 
deflected towards the» north in its direction, and will 
Jbecome a south-east wind. As the northward move- 
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mejit -continues, tlie fresh arrivals will bring with them 
an excess of rotatory velocity, or a tendency to blow 
relatively from the v)est and will thus first neutralize 
the easterly character, changing the wind from SE, to 
S., and finally overcomo it, passing into a south-west 
wind. If, then, the other oscillation take place, and the 
mass of ay’ begin again to travel southward, the wind, by 
the very same reasoning, will grajlually change to west, 
then by N W.*io IST., and finally come round again to 
the NE. It is obvious that for a station in south 
latitude, the conditions being reversed, a contrary law 
of rotation ought to prevail. Observatipns in south 
latitude are in great measure wanting by which to test 
this theory. In north, as we have seen, it is found 
conformably to fact. 

(71.) In the tropical regions, where the superficial 
air always.flows towards the eejuator, no such oscillatory 
movement northwards ^nd southwards, as is above 
*eupposed, takes place. Where monsoons exist, there is 
but , one such oscillation annually, ahd accordingly the 
wind makes one annual cirpuit ; but in the temperate 
zones beyond the trades, as casual circumstances dete.*'* 
mine, equatorial and polar tendencies alternately pre- 
ponderate, and every oscillatory movement so impressed 
is thus converted into a circulation in a fixed dire<dion. 

(72.) Cyclones . — The West Indian seas, those about 
Mauritius, and the China seas, are infested with hum’- 
or storms of wind, of excessive violence, pro- 
ductive oT frightful devastation ]poth on land and on 
sea, and which, in addition to the interest winch such 
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scoTirges must always command, liave of late com^j to 
possess a peculiar one in tlie eyes of meteorolDgists, on 
account of the renuu’kable features in their, history 
brought to light by the laborious researches of Professor 
Kedfield, Colonel Eeid, and Mr. Piddington, By a 
collection of the log-books of ships which have 
encountered such storms, and the comparison of the 
recorded directions of. the wind, at different periods of 
their progress on land^ in regions devasitated by them, 
the following general facts respecting them have been 
established, viz., 1st, That in any such hurricane, the 
movement the air (regarding its whole extent) is 
vorticose. They are 'in fact whirlwinds, though often 
of vast magnitude, tho diameters of some of them, 
which have been already traced, exceeding. 5 00 miles, 
though for tho most part not more than 200 or 300. 
Hence the name given to them of cyclones. • 2d, The 
centre of the vortex is not fixed, but travels leisurely 
enough (from 2 to 30 miles per hour), along certain- 
tracts. In the West Indies they are confined to a 
pretty definite area, their usual course being in a para- 
jM)lic curve, having some point near Bermuda for its 
focus — originating in the Gulf of Florida — and runidng 
along the coasts of the United States, following 
generally the course of tho Gulf Stream, andf sweeping 
across the^t Atlantic, occasionally visiting oui island. 
In the southern Indian seas, according to Mr, Pidding- 
ton {Saiior^s Haildhoolc)^ they follow also parabolic 
curvet, the vertices <jf which often sweep round the 
isles of Mauritius, Rodriguez^ and Bourbon, and \fhoso 
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aY(U*age focus is a point about 25® S. lat. and 70® E. 
Jong. Along the arcs of these parabolas, in both 
regions, the initial movement of the centre of the storm 
is westward, so that the movement of the cyclone in 
its parabolic orbit is contrary to that of the wind in 
the cyclone itself. 3d, In cyclones .which occur in the 
northern Jienusphere, the rotation of the air is invariably 
in the contrary direction of the .hands of a watch laid 
face uppermost ; in Jhose of the southern 
hemisphere this rule is reversed and the movement is 
* 7 ^ . 4th, They originate betw^een the tropics, and 

inin outwards from the equator towarjis the poles. 
But on the equator itself they never occur, 5th, They 
are announced by a rapid fall of the barometer, the 
depressioii, being greatest in the centre (sometimes 
amounting to two inches !) 6th, The wind is most 
violent in the neighbourhood of the centre of the 
cyclone, but as the centre itself passes over any spot, a 
momentary calm is observed, the wind immediately 
recommencing in the reverse direction to what it had 
the instant before (a necessary consequence of the 
vorticose motion). 

(73.) A complete account of all these characters is 
afforded by Hadley’s principle, as developed by Dove 
in his Eaw of Eotation,” and applied to this specific 
class of aerial movements by Professor Taylo% Suppose 
(in the northern hemisphere), that owing to the appli- 
cation of local heat, a tendency irf the air over some 
extensive locality C, to ascend ^in a vertical column 
shoflld arise. To supply the place of the air so ascend- 
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ing, an indraught Irom all the surrounding region 
commence. Let the equal lines 1-1, 2-2f 3-3, Ee, 


^ K 



&c. (fig. 1) represent the forces and directions of 
currents drawn in from equidistaiit points, situated to 
the NKE., IfK, EN'E., East, &c.; then, ‘were the 
earth at reist, tliese currents would all press towards C 
with equal force, and the lines Nw, &c., would be 
tcrminate<l by corfcentric circles, and a mere vertical 
al&diBixding current witjiout gyration would rosiilt. But 
the eart^i revolving from W, to E,, take to the westward 
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of w, to N/i as tho difference of the rotatory 
velocities at IST, n to the velocity of tho indraught ; 
joiu Nw, which will then represent the relative force 
and direction of the current setting in from hT ; and a 
similar constrflLction being made at every other point, 
the system of relative currents will be that represented 
by the arrows 1 2 c, 3 E c, &c. And it needs 

but a bare inspection of the figure to perceive that such 
a system terminating in an asfeefisional movement over 
the tract C can bo no other than a vortex or spiral eddy 
in the direction of the internal curved arrow, i. c., in a 
direction contrary to the motioii of thfe hands of a 
M^atch laid face upwards. Jn the southern hemisphere 
it will be the reverse, as will appear on drawing the 
hguro. 

(74.) It is also obvious that tho force of the vo^cx 
so arising must bo in proportion to the strength of its 
, efficient causes. In high latitudes there is a deficioney 
of solar heat and aqueous evaporation to produce a suffi- 
ciently powerful ascending current.* On the other 
hand, on the equator, with abundant heat, the other 
efficient cause, viz., a difference of diurnal rotatory 
velocity, is absent. 

Atmospheric Tides and Wavejj^ 

* 

(76.) Atmoepheric waves , — The atmosphere, like the 
ocean, has its waves, which are rendered sensible by 
the ^increase or diminution of barometric pressure, as 
the crest or the trough of the wavp passes over the 
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place of observation. They are, however, on a mhch 
vaster scale than those of the sea, as might be expected, 
from the greater mdtnlity of the medium, and the 
extent of surface over which their exciting causes 
act simultaneously. But they are distinguished from 
the latter by features of a peculiar kind, which depend 
on two causes, viz., 1st, the varying denslity ftf the air 
from the earth upwai^ds ; and 2d, The fact that the 
disturbances in which ‘^they originate ore not (as in the 
case of the sea- waves) merely superficial, but extend 
, through the whole depth of the atmosphere, and are 
most powerful at the ground level. 

(7 6.) A very good general notion may be formed of 
the peculiar modification of waves which depend on a 
decreasing density of the medium in which they are 
ej^ted, by pouring into a large glass vessel fluids of 
different densities which do not mix, and which have 
different colours. An undulatory movement impressed 
on such a system^ disappears very speedily from the 
surface of the upi>ermost fluid, hut continues long after 
to agitate the lower strata; and moreover the latter, 
while possessing the inertia which belongs to their milre 
densities, but the preponderant weight, which corres- 
ponds only to their differeMces of density :^m those 
above them, are less controlled by gravity in proportion, 
mi their excursions above and below their planes of 
equilibrium are therefore vastly exaggerated. Again, 
if there 4re several such strata, which* is easily, managed 
by carefully pouring, 6no over the other, several fluids 
j(even if mmihle^ provided actual mixture be avoided), 
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th«ir undulations aro far from maintaining any paral- 
lelism di correspondence; and it will berfound practi- 
cable to propagate in tbcm waves of independent 
origin, and differing in direction, mutually reacting 
on each othjr. The aerial waves are, besides, exag- 
gerated by the elasticity of the medium, the portion 
thrown j^up, factOy dilating itself, and therefore 
swelling into a higher convexity than it would assume 
if inelastic. • * 

(77.) As the attractions of the sun and moon tend 
to produce an elliptic distortion in the spherical outline 
of the ocean (whose vj^tex follows the luminaries), and 
which thus becomes converted mto a great circulating 
tide-wave, with two maxima and two minima in the 
Iuni-solar*day; so the heat of the sun producing a far 
more considerable elevation of the lines of equal density 
(ivhich when so elevated cease io he statical level lines), 
and a far greater deviation from the figure of dynamical 
equilibrium in the aerial hemisphere beneath it ; while 
the nightly chill on the other sid\5 acts m a contrary 
way on the opposite hemisphere; a similar, but much 
inore considerable circulating wave, or wbat may be 
called a heat-tide, is generated, following the sun (as 
all cumulative and periodical effects follow their 
causes) dt a certain interval, but which differs from the 
sea-tide wave in having only one elevatipn and one 
depression, and in having a moan solar day for its 
period. The gravitation tide of ’ the atmosphere, de- 
pending on the joint attractioxjs of the sun and moon 
will give rise to no greater difference of level in the 
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aerial strata than what the same causes produce in the 
ocean itself, *viz., about six feet. Its ellect* on the 
barometer therefore, vrould amount at the maximum 
to less than 1-1 30th of an inch. 

(77, a.) The direct effect of the diurnaj heat-tide on 
the barometer in an atmosphere free from a(iucou<s 
vapour would be oven less in amount tlian liiis. In 
fact, the heat-wave itself in such an atmosphere would 
be one of form, and nolj^of jjressure ; sinc(? each column 
of the air, though dilated in altitude by the increase of 
temperature, undergoes no diminution of weight by 
such expansiop. The direct oflect indeed would be 
altogether nil but for the reaction on the earth’s 
surface arising from the alternate elevation and deprcis- 
sion of the centre of gravity of each akuospheric 
column through a vertical altitude of about 726 feet 
(taking exempli gratia^ 20'“ Fahr. for the dilference of 
day and nignt temperature, and applying the formula 
(T) art. 30). But tlio length of the period in which 
this oscillation is peribrraed (viz., 24 hours or 86,400 ), 

reduces the motive force of tins reaction to an almost 
infinitesimal equiviUent of barometric pressure (loss 
than l-700,000th of an inch). Equally inappretiablo 
will bo the effect of tliis, as a motive force acting 
laterally to thrust air from the hot homisplfere into 
the cold. An indirect effect, however, by no means of 
so* very minute an order, results from the elevation of 
the surface of the ‘atmosphere above the figure of 
equiliWum on one si(|je, and depression below it on 
the oth&t To form some rough estimate of this efSSct, 
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wh-oso exact calculation would ho difficult, we must 
considef that an elevation of 363 feet on one side, and 
a similar depression on the other, correspond to a slope 
of 3". 5 at the common boundary of the two hemispheres, 
down which J;he centre of gravity of each aerial column 
situate on that boundary (being unsupported laterally), 
tends to»glicie. The effect of this will be the production 
of a general movement of air.setting outwards from 
the heated Iteniisphcre, and v^ich, though feeble (as 
its velocity would, at its maximum, hardly exceed a 
mile an hour), yet acting over the whole circumference 
of a great circle of the globe, would trajisfor a sensible 
fraction of the whole atmosphere backwards and for- 
wards. Taking the earth’s radius at 4000 miles; a 
bodily e3/tciision of the air in one hemisphere of TJ 
miles in excess of its amplitude would correvspond to a 
mean dihiinution of pressure of a hundredth of an inch 
of mercury (the indirect eflect thus being 7000 times 
gi’eater than the direct !) 

(78.) Were the sun Constantljr vertical over the 
equator (exactly as in the astronomical theory of the 
tides), no annual 'fluctuation of this kind would arise ; 
but as the point of maximum heat oscillates from 
tropic to tropic, an annual transfer of air from hemi- 
8pher(3 fo hemisphere takes place, producing a fluctua- 
tion analogous to the menstrual inequality* of the tides 
arising from the moon’s change of declination — only as 
there is 365 times more time given for this cause to 
work out its effect, than in tho^caso of the diurnal heat 
tide, the extent of the annual variation in the baro- 
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metric pressure thus x>Toduced in tlio mode abo*^e 
characterized as indirect must he very con sWer able ; 
and for the same reason, as in the diurnal fluctuation, 
the wave which causes it is single not double crested. 

(79.) It is not with these fluctuations, Jiowevcr, that 
we are now concerned. They are greatly modifled, and 
not only powerfully exaggerated but cssentiallj^ altered 
in their character by the alternate generation and con- 
densation of aqueous vp.pour, and will tfterefore more 
properly bo considered under another head. The 
atniosijlieric waves here considered are those which 
originate, not from the general movement of the whole 
body of the atmosphere, but froin internal displace- 
ments, tbe result of winds diverted from their course, 
or of great local disturbances of tomporaturej due to a 
concurrence of circumstances which may be termed 
casual, forasmuch as we cannot trace their laws. Such 
waves have been Iraced by comparing hourly observa- 
tions of the barometer made by numerous observers, 
on certain days deifennined by preconcerted arrange- 
ment, in distant places ; the progress of the waves, their 
f general direction, their height, and velocity, being con- 
. eluded from the rise and fall of the barometer as 
noted in e^h. Thus, to cite some instances, it has been 
found that on tlie 21st of September 1836, by^observa- 
tions made^at Markree, Limerick, Halifax,. Oxford, 
London, Brussels, Hanover, Geneva, Turin, Gibraltar, 
and Cadi», a wave haVing a barometric depth of 0*2 in., 
was ascertained to have passed over the British fslos and 
the west of Europe, having its crest neai^ly in V,he 
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direction NNE. or SSW., and the direction of its pro- 
gress nearly from WNW. to ESE. The half “breadth 
of this wave, which occupied nearly 26 hours in its 
. passage, extended from * Oxford to near liaUe in 
W art emberg^ (about 540 miles). Its velocity of advance 
was about 26 miles per hour. Again, on the 21st of 
December >837, a very well defined wave travelled in 
a direction from lO"" north of W. to 10'^ south of E., at 
the rate of 1*8*62 miles per^hf^ur. The total depth of 
this wave from crest to trough was measured by fuUy 
f inch of barometric pressure, so that the level strata 
must have fluctuated through a vortic;il height of at 
least 700 feet. The area over which this wave was 
traced, is marked hy fifteen stations of observation, 
extending from Marki’eo in Ireland, to Paiuia in Italy. 
— (Brit Ass, Rep. 1813.) 

(80.)’ It would appear from the researches of Mr. 
Birt, that a very remarkable wave of this kind (to 
which he has given the name of " the great November 
wave^') passes annually over th^e islands and the 
adjacent regions (embracing probably the whole of 
Europe and the seas o^ its north-west coasts in its 
range), the crest extending in a direction from NE. to 
SW., the direction of progress (at right angles to this 
or) from NW. to SE,, the velocity about nineteen 
miles per hour. Both the breadth and'^iepth of this 
wave are on a vast scale. Tlie whole wave occupies 
about fourteen days in its transit, the crest passing 
over London about the middlj of November, so that 
it# total breadth cannot he less than 6000 miles, while 
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tho extent of iDaTometric elevation from its trough to 
its crest seldom falls short of an inch, and occasionally 
amounts to double thjfc quantity. What is no less 
remarkable, th(3r(», is a certain region (in which London 
is included), over which the rise and falUof the baro- 
meter during tho transit of the wave exhibit a <3on- 
sidorable resemblance, so that a section (yf itf iu the 
direction of its advance,* would bo a symmetrical curve, 
the middle crest being 2 ^e(;od(Ml and folloflt'ed at about 
five days' interval by two lower ones, and tlie begin- 
ning and the end marked by deep dej^rossions. The 

researches of Le Verrier leave no doubt that tho 

* 

great Crimean storm of the 14th November 1854, of 
disastrous memory, was part and parcel of this Tibeno- 
menon. 

jb^EMOMETRY. 

(81,) The wind, regarded as a meteorological 
element to be measured and recorded, dilTors from 
other elements, inasmuch as it ofFc3rs two distinct 
objects of measurement, viz., its direction and velocity; 
•throe, indeed, since the quantity of air passing over 
. a given place of observation varies as the velocity 
and density jointly. This, however, is a nicety into 
which meteorologists have not yet thought it worth 
while to go, ••being content to regard the number of 
miles travelled over by the wind in a given direction 
as expressing the material transfer of tho air in that 
direction. In fact, as ^different and often opposing 
currents co-exist at different levels, it would be* a 
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uaeless refincinent to do so. The direction and velocity, 
liowevef, are essential features- The former is readily 
determined by a well-coiistructcd vane, erected high 
enough to he out of the reach of eddies and either 
read off on undivided circle to degrees of deviation from 
the meridional direction, or so mechanically arranged as 
to regisicr ijLself at every instiint. The velocity may 
be measured (or self-recorded) hj. several different ways. 
As, for instalicc, first by causing the wind to act per- 
2^(indicularly (as in Osier's anemometer) against a 
square foot of surface, so as to drive back a spring of 
known elasticity, the extent of compression determining 
th(j number of pounds which (iquilihrate the momentum 
2 ) 01 * square foot, and which (like the direction) may be 
self-recorded at every instant. Secondly, by causing it 
to drive round tlio fans of a light vane, presented always 
perpendkiilar to its direction, and registering the 
number of its turns by means of an endless screw and 
wheelwork, as in^WThewelFs construction (C. II. Phil. 
Ti*. vi. ; improved by Pr. Eobinsoti,^Mem. R I. Acad, 
xxii.), which has the advantage of giving not merely 
the momentary velocity, hut the total or integral 
amount of space run over, or the transfer of air 2 )cr day, 
per hour, or per minute, as may bo required. 

(82.y*Since the whole of the air in the region 
surrounding the place of observation ptvrticipates in the 
movement so recorded, and must be considered *as 
transferred bodily at each instant Vith a motion equal 
and parallel, the particle which was first over the spot 
wiM doscribo a curve whose elementary arc and direc- 
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tion are determined, and may therefore be traced, either 
by hand or by a s<df-acting movement in the mothanism 
of the anemometer on tliiy scale. Suppose (fig. 2) A p 
gf r B to be the trace of one day’s movement, A S the 
direction of the meridian, p, q, r, the poinjs attained at 
stated hours, &c., and lot Q^, Qg? Qs* 
angles A P, gr jp &c., or the dir<M 5 tio »3 of the 
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wind, reckoned rpfind the compass from the north,' 
eastwards, and v^, &c. its velocities ; then since p P 

•= V . sin. AP — v. cos. ^ ; if be the element of the 
time, we shall have AS - fvdt. cos. and BS ™ fvdt, 
sin. from ^ ~ 0 to ^ 24 h. in strictness and approxi- 
mately — • 

BSt^?;i. sin. + v^, sin. *f &c. = A 
AS = 'Uj . cos. “b ^ 2 * ^2 + &c, -- B 

So that if AB be* joined, AB representing the mean 
movement during tho^ twenty-four hours, if AB - V, 
and BAS p, we shall hav 0 
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V = \/ -i- B* ; tan. P = Y, 

wlience the mean velocity and direction, during the 
twenty-four hours, may be calculated from a series of 
registered numbers, or from the measurement of AB and 
BS on the self-registered trace. 

(83.), ^B,^ BC, CD, DE, &c., rei)resent the mean 
diurnal movements during a week, month, or year (fig. 
3), so, by a simdar system of calculation, may the mean 



.weekly, monthly, or annual direction and velocity be 
computed. Hitherto it has not been^possible to obtain 
the necessary data for any considerable number of 
stations, the instruments required being both costly and 
comparatively of recent construction. But no class of 
observati^jns is calculated to afford more insight into 
the sequence of meteorological clianges : a^^d they can- 
not be too earnestly recommended to general attention. 
Meanwhile, in the absence of all information as to the 
velocity of the wind, it has been the practice to assume 
all >ffinds as of equal force, or rather that the force of 
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winds may be regarded, on tlie average, as measured Jby 
the frequency of their occurrence. The formulrt given 
by Lambert for the average direction and force of tho 
wind is founded on this supposition (a most misleading 
one), and consists in sTA)sti tilting for &c., in tho 

general values of A and B above given, the numbers 
/?!, n^f and in which the winds N,, NNE., &c., 
making angles Oi — 0, = 22^ J, 0.^ ^ 45^, &c., supposing 

the circumference divided into sixteen “ ]^ointsV^ or 
0, ^2 - 4r5^j &c., if only 'into eight points. As there 
exists an abundance of observations in which the direc - 
tion of the wind, vane, is thus recorded daily, a 
rude approximation tef the desired results can tlms be 
made for a great number of localities. Kiimtz and 
Dove have thus computed the mean annual^ force and 
direction, as well as their monthly variations, for a 
great number of statioiis in Europe^ and North 
America, -the general r(\sult of which the former has 
embodied in a synoptic table, as below, viz. — 



Direction, 

Force. 

1 England 

S. 

0 198 

; France and Holland... ... 

S. 88 W. 

0.185 

llcrraany 

S. 76 W. 

0.177 

Denmark 

S. 62 W. 

^ 0.170 

Sweden 

S. 77 VV. 

0.*228 

Eastorn Enij^)pe 

N.87 W. 

0.167 

Ijrortliei’n pUrt of United States ... 

S. 86 W. 

0.182 


in which the numbers under the column headed Force 
express the values of T in tho formula so modilied.^ 
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Of Ooeanio Currents as Distributors of Heat 
AND Moisture. 

(84.) The winds* act indirectly as distributors of 
heat and mois^ture, by i^roducing currents in the ocean. 
Were there a free Communication round the globe, at 
or about its e,quator, the continuous action of the trades 
could not fail to establish a wesj^edy circulation of the 
equatorial waters with httlc deviation to the north or 
south ; and were the whole globe covered with water, 
tlic compensating SW. and [NTW. winds beyond the 
tropics would produce two extra-tropical easterly cur- 
rents, surrounding the globe, an*d separated from the 
equatorial one by zones of still water, a lively picture 
in short of 5 vhat is most probably the state of the planet 
Jupiter (the rotatory velocity of whoso equator is 26 
times greater than the earth^s) as concluded from the 
appearance of its belts. 

(85.) The continent of America, however, which pre- ' 
sents an unbroken barrier as far as the 55th degree of 
south latitude, effectually prevents the equatorial current 
from making a complete circuit round the globe, its 
passage round Cape Hoorn being barred by the contrary 
southern compensating current. Its passage round the 
Cape of Good Hope, also, is materially impeded, though 
not prevented, by a similar cause, so that in th® Atlantic 
two vast eddies are formed, in the southern of whick^e 
water, deflected along the Brazilian c6ast till it meets the 
opposite current at Cape Hoorn, joins that current, and 
is sw 4 ipt eastward with it. In the northern it is thrown 

G 
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upon the north»east coast of South America, through 
the Caribbean Sea, obliquely into the holli5‘^v of the 
Gulf of Mexico, "^yhere it is suddenly and violently 
deflected to the north-west, ancl issues in what is 
called the Gulf Stream, to which, as a^vcry poweriul 
agent in determining our own climate, we must devote 
some small space, referring the reader for further details 
on the subject of ciarjrents to works on HYJ)iioGnArnY, 
and to the chart of Oceanic Currents by Oiiptain Beechy, 
in the AdmiralUj Manual of Scientific Enquiry ^ p. 106. 

(86.) The Gulf Stream, where it quits the Gulf of 
Florida, has ^ velocity of from three to five miles per 
hour (varying with* the season), a breadth of only 
a few miles, and a temperature of Thence it 
follows the coast of America to about the 36th degree 
of latitude, ‘where it still possesses a temperature of 
76'^ Fahr., and where it quits the coast about Cape 
Feai*, and encircling the Azores, spreads itself in wide 
diverging streams over the basin of the Atlantic, between 
the coasts of Anjdtica and Spain, forming a vast eddy, 
overgrown with the “sargasso” or Gulf weed. The 
main stream, however, continues to run north-west- 
ward, directed full towards the British Islands, to 
about the 46th parallel, in the 40th degi-ee of west 
longitude, where its force is much weakenM by sub- 
division. •♦The surface water, however, continues to 
Ifow oWards in the same direction, and its presene© on 
our western shores is evidenced by the warm vapours 
the 5 Wth-west winds waft firom above it* and by 
tn^picai plants ^d seeds thrown ashore on thsiwest 
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coast of Ireland, on the Hebrides, and even on Norway. 
Were the® isthmus of Panama broken through, there is 
no doubt that the whole climate of our islands would 
xindergo a most notable deterioration. 

Of the puecipitation of Vapour, and the formation 
OF DeWj'FogS, Clouds, and Bain, etc., Hygrometry. 

(87.) Ail. sJud vapour, according to the views of 
Dcluc (first distinctly amiounced in a very remarkable 
paper, PkiL Tr, 1792, p. 400), and the theory of the 
independent elasticity of gases in general, ^nounced by 
Dalton in 1801, form two distinct and in great measure 
independent atmospheres ; the one permanent in mate- 
rial and constant in quantity — the other in a continual 
state of destruction and rcnovatioiu Were the tempera- 
ture of all regions of the globe alike, no precipitation of ; 
vapour in the form of, rain or snow would ever take ' 
place. A certain definite amount of vapour once gene- 
rated and diffused, would remain as ^ jpermanent con- 
stituent of the atmosphere, and each aerial stratum 
would exist in a state of habitual exact saturation, so 
that no further evaporation would take place from a 
moist surface at whatever level exposed But owing 
to the eqi:^torial heat, the polar cold, and the great 
system of circulation established by the winfe, the at- 
mosphere is eonverted into a great distilling appaltffu^ 
and the vapour raised in warmer regions is continually 
being |irecipitated in colder, according to laws which 
we ane now to trace. 
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(88.) The most immediate, though assuredly* not 
the most obvious result of this state of things, is a 
general fact avouched (like the cold of the higher 
regions) by all mountain travellers and all aeronauts, 
viz. — The habitual hygrometric or reliktive drymss of 
thoffe regions tN clear weather. This is shewn by 
very ordinary but very demonstrativot facts. Thus 
I^eluc remarked thoit the head of his walking stick 
always fell off in ^^igl\ mountain ascents, from the 
shrinking of the wood. We have seen that were 
there never any rain, etc., each stratum of the air 
would be iji an exact state of saturation, and no 
evaporation would be possible from a moist surface at 
any level. But * every act of precipitation, no matter 
how produced, unsettles this state of things, and with- 
draws from the total mass of air some portion of its 
entire amount of vapour. As such precipitations, 
therefore, axe constantly going on in some place or 
other, the atmosphere, as a mass, though xncuthi?^nt 
on a wet and ex|aporating surface, is necessarily all??ays 
deficient in moisture; and for the very same reason, 
every superior stratum is relatively deficient in com- 
parison with that immediately beneath it, from which 
its supply is derived. In point of ultimate causation, 
Ihen, there is a constant drain on the aqueous contents 
of the atriiosphere, arising from change^ of temperature. 
TIuV drain extends to all its strata; but while the 

* EsFJftjrs from the Edinburgh and Quarterly Bedews, e|c., by 
the author of this woik (Ijondoa, Longman and Obfi 
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lowcflp renew their losses from a surface hygrometrically 
vjet^ the upper draw their supply from sources more 
and more deficient in moisture.” What the equatorial 
depression of the barometer at the sea level then is to 
the system of ^inds, such is the habitual hygrometrit; 
dryness of the air above the clouds to that of rains — at 
once an Aidioation of a process in progress, and an 
efficient agent in continuing ft. Wherever such 
relative dryness exists, vapoqr, by its own expansive 
is in the act of transfer in an inviaibh state 
from one atmospheric region to another, and the 
rapidity of that transfer is proportional, cmf 67*^1$ paribus^ 
to the degtee of dryness, as the velocity of a river at 
any point is to the inclination of its surface to the 
horizon. This by no means supposes a universally 
prevalent deficiency of vaporous tension. Complete 
saturation "hiust exist at the points of evaporation and 
deposition, but at intermediate ones any amount of 
iii^ularity may prevail according to local circum- 
stances. 9 

(89.) Hygrometry,—To obtain a measure of this 
important element is the object of hygrometry^ which 
consists in determining by instrumental means the 
absolute quantity of water existing, as vapour, in a 
given volume (suppose a cubic foot) of air, under any 
circumstances of temperature and pressure, abd thenca 
from the known specific gravity of vapour, dedhtSfng 
its el^ic; force or tension. For the ways in ^ which 
''this Wy be accomplished, and for description of the 
used, the reader is referred to the article 
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on Htgbometkt, in the Encyclopedia Britannica*and 
other similar digests. The method now adopted in 
preference to all others, as the most simple and con- 
venient in practice, and leading to results which a very 
severe examination has proved to be quite satisfactory, 
is the simultaneous observation of the wet and dry 
thermometer. The formula of reduction, as^^it results 
from Dr. Apjohn^s# elaborate investigations, is as 
follows : — Let ty If tjie respective readings of the 
%^ei and dry thermometers (in degrees Fahrenheit), h 
the barometric pressure in inches, / the clastic force of 
saturated valour at the temperature and F its elastic 
force at the “ Dew-point,” or at that temperature which 
the air ought to have, so as to be exactly saturated 
with the quantity of vapour it actually conteins. Then 
will 

“M" ‘30’ or, F-/ g-g 


the equation {a) or {b) being used according as the 
reading of the w^t thermometer, is above or below 32®. 
/ is found from a table of the elastic force of saturated 
vapours (see Steam) at different temperatures, which 
will also be found in the Admiralty Manual of 
•Scientific Enquiry, p. 321; and F being calculated 
from the above expression, the dew point Aay be had 
' from th«wl*ame table, used reversely, entering the 
WKb-tlrith F and finding the corresponding tempera- 
ture. F known, fhe weight of water per cubic foot is 
f^dfligr multiplying the weight of a cubic loot dry, 
ai^ II 30 inches grs.) by the specific gravity 
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of ^ieain for elasticity F, i.e., by F x 0*6235, or by the 
formula X 35*166. Copious tables for facilitating 
the whole process have been published by Mr, Glaisher 
{Ily groin. Tables^ Lond. R and J. E. Taylor. 1847). 

(90.) If the temperature of any given space con- 
taining Vapour be higher than its deW-point, water 
exposed,dn iJb will evaporate. The air it contains is 
then said to be relatively more or less dry, or (in 
reference the old chemical theory of solution 
advanced by Hutton, the language of which being con- 
venient, is retained, though the theory is exploded), 
under-saturated. If lower, some portion of the vapour 
will begin to be precipitated, ^ and this precipitate 
assumes various forms, according to the circumstances 
under which a sufiiciently low temperature is produced. 

(91.) 1. Dew . — When the mass of moist air is 
simply brought into cSntact with a cold body, the 
result is dew, which is deposited in minute globules of 
water on the body, or if the temperature of the latter 
*b0 below the freezing-point, ice 0 € ^hoar-frost The 
nature of those phenomena was, up to a late period, 
strangely misconceived, — the effect, by a mistake very 
common in meteorology, being put for the cause, the 
dew being regarded as producing the chill accompanying 
it, instead of the reverse. Dr. Wells, in his Essay 
on Dew’^ — a little work which deserves#^ be con- 
sidered as a model of experimental inquiry — 'chc 
first to place in a clear light the* true nature of the 
process, * The chief facts to be accounted for are these : 
--•lilt. Dew (as distinguished, ffom small rain or the 
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moisture produced by visible fog) is never deposited 
except on a surface colder than the air. 2‘d. It is 
never deposited in ckmdy weather; and so strict is its 
connection ■with a clear shy^ that its deposition is 
immediately suspended whenever any» considerable 
cloud passes the zenith of the place of observation. 
3d. It is never copiously deposited in a pj ace fcc^eened 
or sheltered from a cl^ar view of the shy, even if the 
screen be of very thin material, such &s muslin or 
paper suspended over it. 4th. It is most copiously 
deposited on all such bodies as are good radiants and 
had conductors heat, such as grass, paper, glass, wool, 
etc., but little or not' at all on had radiants, such as 
polished metals, which are also good conductors. And, 
lastly, it is never deposited if there be nmch wind. 
All these circumstances, as Dr.,^ells has shewn, point 
to the escape of heat from the bodies exposed by 
radiation out into space, or into the upper and colder 
regions of the air, faster than it can be restored by 
counter-radiation pf by conduction from contact with' 
the warm air or with solid substances— ■wind acting in 
this respect with great efficacy, by continually renewing 
tie air in contact. Hoar-fro^t differs only from dew 
by being frozen in th^ moment of depo^tion, and 
therefore accreting in crystalline spiculsa. 

(92.) or Fog, If a table of vapour tension, 

orTjSJ^^&rmula from which such a table is calculated, 
viz. 

Log. 0.0085412197.«— 0.O0O0208109.eH*0*0O00dOOe8.t» 

where p is the elastic force of saturated vapour, cottas- 
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ponding to a temperature of 212 '" — t Falir, (Biot, Tr. 
cU Phyi. i. 278), be projected into a curve (fig, 4.), 
taking t for an abscissa, and p for an ordinate, it will 
be found to bave the form P D Q convex in every part 
towards its axis or asymptote A B. Hence, if between 
any two dew-point temperatures, A M, A N, an arith- 
meticallneaa A B bo taken, and P Q, the ends of the 
ordinates joined, B E will exj)ress the arithmetical 
mean of tUcTextreine ordinates, or of the elasticities at 



the two temperatures, and B I) (less than B E) that 
corresponding to their n^earu Hence it is evident, that 
if two equal volumes of air, saturated at ’tnjnporatures 
t and f be mixed, since the mixture will ^ifve 'the 
mean temperature, water must *be precipitated, the 
corresponding vapour tension being less than the 
m^n. The form in whi<^* tho^ moistu;re so pre- 
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cipitated first appears, will necessarily be that of very 
minutely divided particles, which, however,^ having 
the re&active power jpf water, reflect and refract light 
as such, and appear therefore as a mist, fog, or cloud 
of greater or less density and opacity, according to the 
amount precipitated in a given volume. It is a 
favourite dogma with many meteorologii^ts, lihat the 
particles so precipitated assume the form, not of drops, 
but of hollow spheres or bubbles. De Saussure states, 
that he has seen such fioating before his eyes in clouds 
and fogs on the Alps,"^ and the dusty appearance of the 
vapour floating over a cup of coffee in the sunshine is 
adduced in proof. Ihe strongest argument in their 
favour, however (for there is great room for optical 
illusion in such matters), is that adduced by Kratzen- 
stein, that the sun striking on a cloud or fog produces 
no rainbow, which it ought to do were the water col- 
lected in spherical drops. This argument does not 
admit of a ready answer; but the difficulty, on the 
other hand, of coii|5eiving any possible mode in which 
such bubbles can be formed, disposes us to believe 
that the extreme minuteness of the globules may be 
found to afford one, their diameters being probably 
of an order comparable with the breadths of the 
iumfimfeous undulations.t 
\ 

^ never, myself, seen such a phenomenon, and have 

<|ae^^ion^d Alpine excursionists of far more extensive experience 
tto my ewn, with a like negative reply. 1861 .] 

;f (On the Newtonian doctrine of fits of transmission 
and refiestioUf or (which colbes to the same ibing), on ibe hxpo- 
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• (93.) Radiation Fog$ Mists , — Wlien the 

air in ft)ntact with a radiating surface has been reduced 
in temperature to the dew-point, and has discharged its 
superfluous moisture in dew or frost, it remains satu- 
rated and at the same time colder than tliat above it.. 
If the ground be quite level, and the air quite calm, 
however, little or no mixture will take place, the upper 
air remaining uppermost, in .tl]^o absence of any reason 
for its desWint, or for the rise of that beneath. But if 
the ground slope ever so little towards a valley or 
hollow basin, the cold air will run downwards, and 
mixing with the air below, if sufficiently near to satu- 
ration, will depress the mean temperature of the 
mixture below its resultant dew-point, and produce 
fog. If athe low ground be occupied by water or 
marsh, as the air reposing on it is sure to be saturated, 
copious* precipitation will necessarily result. If dry, 

thesis of li^t consisting in rotating corpnscles with attractive and 
repulsive ^Ics — there would be no difficulty of the kind. A 
globule (or a particle of water of any ot!l|r form) wdioso greatest 
linear diameter did not exceed the thickness of that central spot 
in a soap-bubble which reflects little or no light, would be 
eq[uaUy non-reflective, and therefore incapable of forming a raija- 
bow. In the undulatoiy' theory, however, it is the parallelism of 
the surfaces of the film of which that central spot consists which 
renders non-reflective. I suspect, however, that in the case 
contemplated in the text, that theory, carefully re-examined, 
would render a somewhat different account singular 

abruptness of transition from the most brilliant rdfexion to an 
almost absolute extinction of the reflected ray, and of the uni- 
formity ^Ver lai^ areas of a thin film of the very small remaining 
fraction of the incident light which it does reflect, than that 
usually given. Rote added Feb. 



METEOROLOGY. 


tlio mist produced will bo Jess copious, and may not 
even take placo at all. In tbo Weald of Rent, a 
district abounding in^ grassy slopes and winding and 
branching valleys, in the calm clear nights which are 
there so frequent, beautiful instances of radiation-fog 
are of perpetual occurrence. Immediately after sunset, 
in clear weather, dew commences — streams ^f cfrld air 
set downwards, following the lines of shortest descent 
(very sensible as descending currents), their cours(‘ 
being marked with mist, thin and filmy at fu'st, but 
acquiring density in its downward progress, and by 
degrees filling the valleys with fog, which, in the morn- 
ing before sunrise, preSents exactly the aspect of a 
winding lake or river of water, whoso surface, per- 
fectly oven and horizontal, runs a sharply defwied level 
line round every promontory and into every retreating 
nook. Descending into such a lake under a full moon, 
a few yards below its upper surface, a lunar raiubmo 
frequently seen in tbo mist. We on mor^than one 
occasion have resort^ to a particular spot well situated 
for the purpose, to look for one, and have not been dia- 
» appointed. (Here then, at least, the argument of 
Kratzenstoin for vesicles is inapplicable.) By far the 
finest lunar rainbow wo have ever been fortunate 
enough to witness (Nov. 12, 1848) was formed in a 
dense j>;i^dently close at hand, which, however, 
was bogiufeing to resolve itself into a fine, light, mizzling 
rain* On this occasibn the exterior or secondary bow 
was scan. 

(94) It is a matter’ ot ordinary remark^ that yie 
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spring frosts are severer in liollowa and low grounds 
than oft. slopes and heights. This is an obv^us con- 
sequence of what has been said. The cold air flows 
downwards, and collects in the hollows, being replaced 
on the heights by the air of a higher stratum, unchillod 
by radiation. 

(953^ radiation-fog once formed tends to its 
own increase, by radiating off heat from its own 
particles, \mtor in the liquid state being a good radiant 
of caloric. * 

(9G.) When the warm current in the open ocean 
encounters a shoal, the lower water (of inferior tempera- 
ture) is thrown up to the surfdee. The surface-water, 
therefore, on the shoal is colder than that of the sur- 
roundiJig#ocean, and the atmospheres (saturated at the 
respective temperatures) mingling, produce those fogs 
which are observed to be prevalent in such localities. 
The fogs of Newfoundland are a remarkable instance 
in point. Fogs, too, axe produced in the neighbour- 
hood of floating icebergs, on a simp-ar principle. The 
Arve, in its descent from Chamouni, occasionally pre- 
sents tlie appearance of a river of warm water throwing 
up steam (though, in fact, msEny degrees colder than tlie 
air), from the mixture of the cold air above it with the 
saturattifl warmer air of the valley through which it 
flows (Ohs, Aug. 1821). ^ . 

(97.) Barometric — ^The temperature\f a mass 

of air may bo lowered beneath thb dew-point, indepen- 
dent of radiation, contact of a cold body, or mixture 
with colder air, by the simple qtfect of its own expansion. 
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Tbia may take place in two ways, viz., 1st, By a rapid 
and coxi^iderable ^^lief of barometric pressutb from 
above ; or, 2dly, By Ku own ascent into a higher region 
of the atmosphere. The first case takes place when the 
trough of an atmospheric wave (see art 75) passes 
rapidly over the place of observation. The fog so 
produced comes on for the most part suddeiisly, and 
without any obvious cause. It is not rolled in from a 
distance by the wind, nor does a moderate^ wind dis- 
sipate it. It is not confined to the surface of the 
ground, but extends at once to great altitudes. It does 
not resolve itself into rain, but disappears, when the 
atmospheric equilibriuih is restored, by the recon- 
densation of the air, and the reappearance of its sensible 
heat. Such fogs are very common, and are- precisely 
analogous to the cloud produced in the receiver of 
an air-pump by a rapid partial expansion of »the air. 
They want a name, and that of barometric fogs seems not 
inappropriate. 

(97, a.) fogs , — ^Thcre is a fog of not very 

frequent occurrence in our climate, which comes on 
gradually, in a perfectly calm state of the air, without 
any sudden or considerable diminution of barometric 
pressure, and which evidently arises from a gradual 
increase of humidity in the air, at length attaining the 
dew-point. , Such fogs would seem, not unnaturally, to 
;result tcdSx the quiet lateral diffusion (see § 21, 62, 87) 
of Vapour as a gas ffom some neighboui®fl^ or slowly 
appe^hing mass of vapour-loaded air, ifi^ aniicip^Mon 

moist or rainy squth-w^st 
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wyxd. To sucli a fog the epithet of “ Dilfusioual” may 
not impfoperly be applied ^ 

(98.) III. Clowls, — When a body of vapour is gene* 
rated fipom any warm evajwrating surface, it ascends by 
its relative levity, losing sensible heat, as well by its 
own expansion as by its bodily tiansfer into and inter- 
niixturenwitlj colder air. Should the supply of vapour, 
however, not be very copious, and should it find itself, 
in its asccnty always in a region iiygrometrically dry, it 
by no means follows that it will reach the point of 
precipitation ; but should the reverse of these conditions 
obtain, viz., a copious and continued supply from below, 
and a state of vaporous tension:* already existing aloft 
approaching saturation, a portion will bo precipitated in 
visible cloud on arriving at a certain level. When this 
process takes place in a calm state of the air, and the 
evaporating surface is limited in extent, or irregularly 
distributed in patches (as over marshy ground, rivers, 
lakes, &c.), or if any other cause dispose the vapour to 
•rise in columnar bodies of greater tijr loss extent, the 
summits of these are marked by protuberant masses or 
piles of cloud, with generally rounded outlines, which 
appear to repose on flat bases, indicating the “ vapour 
plane,” or that level where hygrometric saturation 
commences. To such clouds, in Howard’s Nomen^ 
eUUun of OhudSy the names of Cumulus assigned. 
They abound in the calm latitudes of the eliuatorial 
seasj and formlh distinguishing feature in the meteoro- 
logy of tHat region. 

(p9.) That the mere self-expjdision of the ascending 
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air is sufficient 16 cause precipitation of some of its 
vapour, -when aT3|indaut, is rendered matter of ocular 
demonstration in that very striking phenomenon so 
common at the Cape of Good IIopo, where the south 
or eouih-oasterly wind which sweeps over the Southern 
Ocean, impinging on the long range of rocks which 
terminate in the Table Mountain, is throwj up by 
them (as marked by the direction of the arrows in fig. 
5), makes a clear sweep over the flat tablo-land which 
forms the summit of that mountain (about 3850 feet 
high), and thence plunges down with the violence of a 


Fig 6 



cataract, clinging close to the mural precipices that form 
a kind of hack^Qund to Cape Town, which it hUs 
with dust and upioar. A perfectly cloudless sky 
moatiwhilo prevails over the town, the sea, and the 
level country, but the mountain is covered with a dense 
white cloud, reaching to no great height above its 
summit, and quite level, which, though evidecitly swept 
along by tlw wind, and hurried furiously over the edge 
uf the ;|^cipice, dissolves and completely disappears on 
a deiSnite level, suggesting the idea (w||^Bce it derives 
its n®m«) of a Tuble-cloth.” Occasionally, when the 
wto4 is very violent,* a ripple is formed in the aerial 
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current, wMcb, by a sort of rebound in the hollow of 
the amphitheatre in which Cape Towj^ stands, is again 
thrown up, just over the edge of the sea, vertically over 
the Jetty, where we have stood for hours watching a 
small white patch of cloud in the zenith, a few acres in 
extent, in violent internal agitation (from the hurricane 
of wind blowing through it), yet immovable, as if fixed 
b;y some spfll, the material ever changing, the form 
and aspect unvarying. The Tahlb-cloth is formed also 
at the commencement of a* “ ndrth- wester/* but its 
fringes then descend on the opposite side of the moun- 
lain, wdiich is no less precipitous. Fig. 1, Plate IIL, is 
a careful representation, of such an exhibition of it on 
May 20, 1835. 

(100.) Npwendatxire of Clouds. — The forms and 
aspc'ct of clouds are very indicative of the circumstances 
under wliigh they are in the act of forming or dissipat- 
ing. Howard {Askedan LectareSy 1802) has endea- 
voured to cmhody their chief characters in a determinate 
nomenclature, which has been generally adopted. He 
dividesclouds into three primary modifications; Cumulus, 
Stratus, and Cirrus, with intermediate forms graduating 
into one another under the names Cumulo-stratus, Cim- ; 
stratus, Cirro-cumulus, and, l^tly, a composite form, ' 
resulting firom a blending or confusion of the others, j 
under the name Cirro-cumulo-stratus or Nini^us. ' 

(101.) Gumulm has been already described. ll^Ir. ; 
Howard defines as mrmm crescent increasing upward ' 
from a hofeontal base. This is in conformity with its 
origin. When sharply terminated hy rounded spherical ■ 
H 
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forms, wliich under sunshine appear os snow-heaps^ the 
form clearly indicates the act of self-dissipation in 
invisible vapour into the upper relatively dry air. 

(102.) Stratus consists of horizontal sheets. Its 
situation is low in the atmosphere, and may be con- 
sidered as intermediate between cloud and fog, being 
chiefly formed at night, and under the in^uence of 
radiation cither from the surface of a ground fog (as 
already described), of from impurities flpating in the 
air itself. The lattc*f is 'remarkably the case in great 
cities in which cojil is cliiefly consumed as fuel, and 
gives rise to those dense, yellow, suffocating fogs 
which infest ‘London* in the winter months. A very 
peculiar phenomenon exhibited by the London atmo- 
sphere has been described to us by the Astronomer- 
Koyal, and appears to be referable to the same cause. 
In calm evenings after sunset, as soon from the Eoyal 
Observatory on Oreouwich Hill, the vast irregular mass 
of smoko hovering over London appears to subside. 
Its heaped and J)urbulont outline becomes flat, and 
sinks rapidly into a low level cloud-hank, with a very 
definite outline, and fair sky above. It would seem 
that each particle of soot, acting as an insulated 
radiant, collects dew on itself, and sinks down rapidly 
as a heavy body. Stratus is also sometinjes formed 
very suddenly on a higher level, when in a clear, calm • 
night the general temperature of the air sinks by 
radiation, or by diminution of atmospheric pressure, 
tflj, at some definite altitude above the surface the dew- 
|>oiQt is attained. Xhus, on the night of April 19, 
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1837, tho sky, up to 16h* 16m. Sid. T, being perfectly 
cloudless,* and not a breath of wind stirring, stratus at 
a high level commenced in tho eastern horizon, and in 
eight minutes had extended to the western, obscuring 
tho whole sky, the calm remaining unbroken. In this 
case the velocity of propagation of the edge of the 
cloud frdm ea-st to west (or following the sun) could 
not have been less than 300 mile^ per hour {Mern, Ast. 
iii. 51).* 

(103.) Cirrus consists of fibrous, wispy, or feathery 
clouds occupying the highest region of the atmosphere. 
The name of mares' tails, by wliicli cirri are commonly 
known, describes theic aspect well. Of all forms of 
cloud these present the greatest variety. Their fila- 
mentous structure clearly indicates them as cither in 
the act of originating from the union of aerial currents 
running parallel to each other, or as the residues of 
dissolving cloud drawn out into fibres by wind. Mr. 
Howard is disposed to assign to tbem an electric origin, 
or at least to attribute their fibrdb^ appearance to 
electricity, but in this view we cannot coincide. From 
the great elevation of cirrus it is more than probablei 
that its particles are frozen, and of course crystalline, 
and that to this constitution it is owing that halos, 
coronee, aild other optical appearances referable to 
reflexions and refractions in ice crystals, appear almost 
invariably* in this cloud and in its derivative forms, 
especially the cirro-cumulus. It is ^id to be often a 
precursor of windy weather. 

(104.) The GirrO’Cumulm, ]^ost characteristically^ 
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koown as a "mackarel sky/* consists often of small 
roundish masses disposed with more or less regularity 
and connection. They usually float at great elevations 
and often appear as a loftier stratum, through the 
intervals of lower clouds, contrasting strongly by their 
slow (and sometimes contrary) movement, with the 
scud anfl drift of the inferior masses. Thay ard'frequent 
in summer, and attendant on dry and warm weather. 

(105.) Cirro-stratm “appears to reshlt from the 
subsidence of the fibres of cirrus to a horizontal 
position, at the same time approaching laterally. The 
form and- relative position when seen in the distance 
frequently give the idea of shoals of fish.'' . It often 
precedes wind and rain, and often forms the ground on 
which halos and parlielia are projected, • 

(106.) Oumulo-straius would seem to be the modifi- 
cation of when the columns of rising vapour 

which go to form it arrive in an upper atmosphere .not 
sufficiently dry to round off its summits by rapid 
evaporation, alloir^ng them to spread horizontally and 
form flat-topped, mushroom-shaped masses, the upper 
parts of which are often curled by the wind of an upper 
current ' into cirrous wisps, or cleanly cut off by a 
horizontal plane, forming an “anvil-shaped cloud". with 
a lateral projection, generally considered ash precursor 
of wind flelow [and probably arising from its first 
impression at a liigher level duo to the greater mobility 
of the. upper strata of the air, as less retarded by 
friction]. The tendency of Oumulo-stratus is to spread, 
overeat the sky^^andV^tle down into and 
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finally to Ml in rain. When two strata of clouds on 
different levels tend to unite, it is evident that the 
intermediate region must ho nearly or quite in a state 
of hygrometric saturation. The cloud then forms con- 
fusedly and in irregular masses through the whole region, 
and finally resolves itself into heavy rain. 

( 107.7 When cloud is present, the sun^s rays are of 
course prevented from reaching tjie earth directly, and 
their heat i^iffused through the general atmosphere — 
thus softening and mitigating their ardour. When the 
sun shines on a cloud, which ahsorhs its heat, the cloud 
itself is necessarily partially evaporated, and the vapour 
by its le\ity tends to produce an upward current, and 
thus to counteract the effect of gravity nn the globules 
of which it consists. A globule of water l-4600ths in. 
in diameter, in air of five-sixths of the density on the 
surface, 0 ? at the height of about 5000 feet, would 
have its gravity counteracted by resistance, with a 
velocity of descent of one foot per second (supposing 
flio friction and no drag) ; and evcii if the terminal 
velocity were reduced to half that quantity by these 
causes, would still require some such upward action to 
enable it to maintain its level — a circumstance which 
sufficiently accounts for the lower level generally 
observed fif cloud during the night. It is more than 
probable, however, that, wlien not actuall;^ raining, a 
cloud is always in process of generation from below, and 
dissolution from above, and that tlie moment this pro- 
cess ceases, rain, in the form of mizzle,” commences. 
In a word, a cloud in general wphld seem to be merely 
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the visible form of an aerial space in which certain pro- 
cesses are at the moment in equilibrio, and all the par- 
ticles in a state of upward movement. 

(108.) IV. Rain . — In whatever part of a cloud the 
original ascensional movement of the vapour ceases, the 
elementary globules of wliich it consists being aban- 
doned to the action of gravity begin to <fall. ^ By the 
theory of the resistance of fluids, the velocity of descent 
in air of a given density ,is as the squarcr root of the 
diameter of the globule. The larger globules, there- 
fore, fall fastest, and if {as must happen) they overtake 
the slower ones, thejr incorporate, and the diameter 
being thereby increased, the descent grows more rapid, 
and the encounters more frequent, till at length the 
globule emerges from the lower surface of 1!he cloud, at 
the ‘‘ vapour plane,” as a drop of rain ; the size of the 
drops dcq)f ending on the thiedmess of the clou^ stratum, 
and its density. Bain indeed has been observed to 
fall (at least apparently) fiom a cloudless sky, but the 
occurrence is one flP extreme rarity, and it seems hardly 
possible to be certain that it has not been brought by 
wind at a high level from very great distances. A very 
minute rain from a clear sky is known in France by 
the name of serein, and seems to be not uncommon. 

> (109.) The quantity of rain which falls on* any given 
place may fee measured by the very simple contrivance 
called a rain-guage,” which is an open vessel of a 
definite aperture (suppose a square foot), find of a 
funnel shape below, to conduct the rain fallen into a 
graduated vessel j^her^a it can be measured to a nicety, 
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a tery minute superficial depth of rain being thus 
read off on a magnified scale, even though hardly more 
than enough to wot the surface. It is usually recorded 
in inches of actual depth, and the wetness of a year or 
of a season is expressed by the number of inches and 
parts to which the earth’s surface would be covered, if 
it could leitlfcerrun oiT, sink into the soil, or evaporate.* 
Some very extraordinary and unexpected facts respect- 
ing the fall'^f rain have been disclosed by the use of 
tlxis instrument, which would appear to indicate that its 
formation is by no means limited to the region of visible 
cloud. At one and the same place a series of rain-guages, 
placed at different elevations above the soil, indicate 
very different quantities of rain, the amount being 
greater at the lower loveL Thus Dr. Hoberden found 
in twelve months, from July 7, 17GC, to July 7, 1767, 
the amount of rain at the top of Westminster Abbey 
to be only 12*099 in., wliile on the top of a house close 
by, but much inferior in altitude, it was 18*139 in., 
^d on the ground 22*608 in. also Mr. Phillips 

found the fall of rain at York for twelve months, in 
the years 1833-34, at the height of 213 feet from the 
ground, to be 14*963 in. ; at 44 feet, 19*852 in. ; and 
on the ground, 25*706 in. Again, at the Observatory 
of Paris flie ratio of the rain collected during the nine 

* [It may be as well to notice that an inch of rain on a square 
yard of surface expresses 46*7408 lbs. avoirdupois or 4-6741 
gallonaof water, -|^on an acre, 226,225*52 lbs., 22,622*55 gallons, or 
100*9935 tons, and on a square mile, 144,784,333 lbs., 14,478,433*3 
gallons or 64,635*86 tons. 100 tons per inchy per acrBy is a rough 
and ready memorial result. Feb. isrf.] 
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years (1818-1826) on the terrace of the Observatory, 
and 3 metres from the ground (or 27 metres - 88 J feet 
lower in leveA) was that of 1:1'! 16, the difference 
being much ](^s proportionally than in England, where 
the ratio from Mr. Phillips’s observations is that of 
1 : 1*719 at 213 feet, and* 1 ; 1*296 at 44 feet. The 
usual account given of this phenomenon (Kamtz, i. 419) 
is that rain falling fpm a high level, and therefore 
colder than the temperature of the air at the surface of 
the ground, arriving in an atmosphere nearly or quite 
saturated with moisture, condenses on itself, or causes 
the condensation, in the cliilled air, of an additional 
quantity of vapour. l3ut it is evident that this cause, 
though not uninfluential, is totally inadequate to 
account for so great a difference. Admitting a given 
w'eight of rain to arrive at 213 feet from the ground, 
with the temperature of the region at which it was 
formed unaltered, and supposing it to acquire in the 
remaining 213 feet the full temperature of the air 
(both of them extel&mc and indeed extravagant supposi- 
tions), admitting too (though hardly less extravagant) 
the mean height of formation of the rain to be 12^000 
feet, it would bring dowh with it a cold of 40'’ Fahr., 
which would condense (whether on the drops or in 
saturated air if diffused through it) only 40-^960ths, or 
I^24th =- 0*t)42 of its weight, = one-seventeeuth of the 
quantity to be accounted for. Still less can the ejffect 
be due to a greater ohliquity of fall at* a higher than 
at a lower level, since the same quantity of rain must 
JiU on the same horwntal surface after chamdn&r its 
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dtliquity as before. Dr. Heborden, in tbe spirit of 
that meteorology which refers everything not clearly 
understood to electricity, ascribes an electrical origin to * 
the phenomenon. The real cause is . yet to seek, and 
there is no more interesting problem which can fix the ' 
attention of the meteorologist. Visible cloud rests on 
the soft at iow altitudes above the sea-level but rarely : 
and from such cloud only, would it seem possible that 
so large ali accession of rain could arise.* 

(110.) The amount of rain which falls habitually 
per annum in any locality depends on a great variety 
of circumstances, the most influential being its proxi- 
mity to largo bodies of heateef water, such a prevalent 
direction of wind as shall not drift the vapour away 

' * [These remarks were written in 1857. More recently 
(March 29, I860), a valuable and important paper was read by 
Mr. Bax«idcll to the Lit. and PhU...Soc. of Manchester on this 
Buhject. lie arrives at the same conclusion as to the insufficiency 
of the mere condensation of vapour on the falling drops to account 
for tbe phenomenon in question, and concludes that it is im- 
possible to account for it except by Ih** admission of the exis- 
tence of wjj^er “noi in the state of true vajyour” but already 
deprived of Tits latent caloric — ^in the atmosphere — though not 
affecting its transparency, so that ** a shallow stratum of the 
lower and comparatively clear 'atmosphere, ” may “supply as 
much rain as a densely clouded and mucli deeper stratum in the 
higher nBgions.” Mr. Baxendell hesitates to admit that the 
water can be thus present in the actual state of wafer ^ on account of 
its invisibility. If there be any justice in our remarks in the 
note f on § 92, this difficulty will disappear. Ho adds a very 
remarkable fact recorded by Mr. Binney, who, “ in descending tlio 
shafts of deep coal-mines, has observed that the drops of water 
which drip from the upper part of the shaft increase to an extra- 
ordinary size in thoir descent to tl/ bottom,”] 
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from it, and the absence of any lofty mountains in the 
direction of the moist wind, to act as a barrier by 
* causing its depositions on them. As we recede from 
the sea into the interior of great continents rain becomes 
rare, especially if the soil be sandy. Thus in the Great 
Sahara of Africa rain is unknown, as also in Arabia 
and part of Persia, in the great desert of Gobi,^n the 
table-land of Thibet, &c. The gi*eater part of the 
enormous evaporation of the equatorial seas'is at once 
condensed and discharged again in rain from the cumuli 
which mark its up-rush into the higher and colder 
regions of the air, the rain being most continuous in 
those latitudes between the tropics, over which for the 
time the sun is vertical, or in the region of the calms. 
In this zone the nights are for the most part ‘•clear, but 
as the day advances the clouds thicken and pour down 
torrents of rain, clearing again at sunset. 

(111.) Pain is of unfrequent occurrence, however, 
in the zones on either side of the calms, whore the 
trade-winds blow sti^adily and rcjgularly. These winds 
themselves, coming from higlier latitudes, acquiring 
•temperature and talcing up moisture, from the sea. 
The retuniing counter-eun'ents having discharged their 
fri’st overload of moisture, pursue their course aloft, 
free from cloud and relatively dry ; and in the'^neutral 
interval between them and the opposite lower current, 
cloud is not generated, or rain produced, by the inter- 
mixture of the two — *the upper portions of the trades 
not, being saturated, for the reason just adduced The 
clouds which do occur these winds beloutg not to , 
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tlieir higher strata hut to a much inferior level, not 
exceeding five or six thousand feet in altitude, while 
the medial line between the winds has nearly double 
that elevation. Such at least are the phenomena on 
Toneriffe, as exhibited during the late residence of Mr. 
C. P. Smyth on the summit of that mountain for a 
fortnig^it ia the month of August, during the whole 
of which time the sea horizon ;«'as never once visible, 
a stratum*of these low clo.uds Jying uninterrupted in 
every direction, the upper half of the peak being free 
from cloud, and its smumit, at 12,500 feet, just sur- 
passing the medial line, and coming within the upper 
or S.W. cuiTent. * , 

(112.) Between the tropics there is, properly speak- 
ing, no wfliter or summer. The year is divided into a, 
dry and wet season — the dry, when the sun is in the 
opposite •hemisphere, and the trade wind blows strong;! 
the wet, when in the same, and approacliing the zenith. 
In the neighbourhood of the equator, where the sun 
passes the zenith twice at several irit^ths' interval, there 
are two dry and two wet seasons, or rather two unequal 
maxima and minima of rain. Where monsoons prevail, 
however, the law of rain is different. Thus, on the 
eastern coast of the peninsula of India, the rains occur 
during file north-east monsoon, and on ^ the western 
during the south-east or trade. 

(113.) Beyond the tropics, where the anti-trade or 
returning current descends to the level of the earth’s 
surface, and by degrees takes u^ the temperature of our 
utilder latitudes, its vapour, hfeld far in abeyance, 
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becomes available for the production of rain, unless 
intercepted, as above indicated, by some lofty mountain 
barrier tossing ujvthe 'stream and prematurely precipi- 
tating its vapour. Where this obstacle does not exist, 
however, the rains are distributed in the extra-tropical 
regions with considerable indilferciice as to season ; in 
some, indeed, a certain approach to a wat aifd dry 
division of the year preyails, as, for instance, along the 
.coast of Portugal, as well as in Italy and thh south of 
France, where scarcely any rain falls in summer, while 
at Pekin the contrary rule prevails. Since, however, 
the deposit of water from the air, as it travels, must of 
necessity bear some rude proportion to the actual quan- 
tity in transitu, the amount of rain or snow which falls 
on any country must, on a general average,*' diminish 
as the latitude increases, a conclusion confirmed by 
observation. 

(114:.) The west coasts of England and Ireland form 
a rather remarkable exception to this law. They receive 
with the west and •south-west winds which genially 
prevail, the Vapour of the Gulf Stream. In consequence 
* the annual fall of rain is not only much greater than on 
the eastern and southern coasts, but in one district, that 
of the I^kes of Cumberland, is quite enormous. The 
annual fall at Seathwaite, in Borrowdale (Lake^district) 
amounted, according to the careful observations of Mr. 
Miller, to no less than 14P54 inches on an average of 
three years ; while tliat in London is only 334-, To 
bring this result into comparison with what obtains 
elsewhere, we subjoin m table (see page 110) of the 
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mean annual amount of rain in some of the more 
remarkable localities. 

(115.) Eain, except in the tropical regions, is perhaps 
the most iiregular of all meteorological plienomena, both 
in respect of the frequency of its occurrence and in the 
quantity which falls in a given time. The quantities 
recordM arte, in some instances, truly astonishing. It 
is considered, in the greater part of England, a heavy 
rain if an^ilich fall in the course of twenty-four hours ; 
yet at Seathwaite, above mentioned, 6 ‘62 inches are 
recorded by Mr. JVIiller to have fallen on November 
27, 1845, in that time. At Joyeuso (Ardeche), in 
France, 31T73 inches fell in twenty- two hours; at 
Genoa, 30 inches in twenty-four hours; at Gibraltar, 
33 inches* in twenty-six hours. On the mountain 
tops overhanging Bomhaj’', 24 inches of rain have been 
recorded-in a single night. — {Perry, Bird's Eye View 
of India, p. 17). These are, however, only sudden, ’ 
unsustained falls. But in tropical regions we have 
instances of what may almost he (jiiULod deluges. Hum- 
boldt collected, at Bio Negro, in the rainy season in 
May, as an ordinary rain, If inch in five hours. • 
Admiral Boussin found, for the amount of rain at 
Cayenne, between the 1st and 24th February 1820, no 
less thaH 12 feet 6*96 inches, and on one night, between 
8 RM. p,iid 9 A.M., he collected lOf inches. At Cherra 
Ponjee, in the Khasyoh mountains, east of Calcutta, 
nearly 600 inches per annum are 'stated to have fallen. 
[Even in England gr^t and persevering rainfalls occa- 
sionally occur in the rainy district of Westmorelirnd. 
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Thus iu January 1851, 38*8G inches are recorded ly 
Mr. Miller (Tr. XI. S. Ediii. xx:i), to liavo fallen at *^The 
Stye/' or '*thc Shoulder of Sprinkling Ecll" in Wast- 
dale, 1600 feet above the soa lev<‘l ] 


Mean Annual Amount op Kain jn Vakious Places. 


Place 

Laiitudk 

Bain 

i)ci AJUiuni 

ruches 

Singapore 

f r ir/ 

97.0 

Kandy .... . . 

Trevandnim ‘ . . . 

f 7 20 

52.1 

+ 8 28 

64 5 

Sierra Leone . 

+ 8 ^9 

86.2 

ITtlray Mullay .... 

+ 8 39 

2C7.2 

Capo Comorin . . . 

.-f 8 59 

28.4 

Allcpy 

+ 9 27 

113.3 

Cochin 

+ 9 58 

lOC.l 

DodaheUa 

+ 11 23 

101.3 

Grenada 

+ 12 7 

112.0 

Seringapatam . ^ . 

+ 12 26 

23.7 

Madras . . . . . . 

+13 4 

44.6 

St Helena (very irregulai) . 

-15 57 

46.2 

Kangoon 

+16 47 

84.0 

Mahabalishwar . . 

+18 ... 

264.1 

St. Domingo 

+18 29 

107.6 

Poonah 

418 30 

* 26.4 

Bombay ^ 

+3 8 53 

75.2 

Calcutta * 

+22 35 

76.4 

Tonjeo. ... . . 



692.0 

iRid Jaaeii'O 

-22 64 

69.2 

Btawssalii 

+23 9 

91.2 

Ghniduston. . . .*<> . . 

+32 46 

54.0 



Mean annual •eain-falls. 


Ill 


t 

^ Flags. 

Latituds. 

Rain 

per AmwBL 

Madeira 

+33° 30' 

Inches. 

27.7 

Cape of Good Hope . . . 1 

-33 56 

. . . 

Williamsburg 

+37 13 

47.0 

Palenno 1 

+38 8 

22.3 

LisbiSi . • 

+38 42 

27.1 

Washington^ U. S. , . , ’ 

+38 54* 

41.2 

Mafra ^ . . . • . , . ' 

' +38 55 

44.0 

Pelcm ' . 

•+39 54 

26.8 

Philadd}Ma (Girard Coll,) 

+39 56 

37.2 

Cambridge, IJ. S. . . . 

+40 5 

38.9 

Coimbra , 

+40 ;2 

118.8 

Bamti 

+40 22 

15.2 

TiMs 

+41 40 

19.9 

Rome 

+41 54 

31.0 

Odd years observed f 

Hobart ^Town' . . . . > 

-42 52 

r 13.42 
•^18.4 

Even years observed ) 

Toulon 

+43 9 

I 23.34 

18.2 

Marseilles 

+43 17 

23.4 

Siena 

iH 43 22 

34.2 

Toulouse 

+43 36 

25.2 

Tormito | 

+43 40 

39.7 

Arles 

+43 42 

23.8 

Florence • 

+43 46 

41.3 

Orange 

+44 7 

30.3 

Genoa : . 

+44 24, 

47.3 

Bologna 

+44 29 

31.0 

Bordeaux 

+44 50 

26.8 

flovigo 

+45 4 

32.9 

Turin* . . ‘ 

+45 5 

26.6 

Padua 

, +45 26 

36.9 
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BAtST < 

Pla-ck. 

LATnTTDK 

per A»»aiD. 



InchfiSt 

Verona . . . . ^ . 

+W° 27' 

. 36.9 

Vicenza 

+45 32 

43.8 

Rt. I>oniard 

+45 50 

58.5 

La lioclicllc 

+ 40 \) 

21.5 

Geneva ... ... 

+40 13* 

*31.7 

Milan . “ . . . ^ . . 

+4() 28 

37 8 

Lausanne 

+ J0 30 

• 40.2 

Voictiers . . . * . 

+ 40 35 

23.0 

Monljicllier 

4 10 30 

32.4 

IJerno 

+ 10 55 

4 0.1 

ZurieJi . ... . . . 

+47 21 

34.3 

Troyes 

+48 18 

23.1) 

Augsburg 

+ (8 21 

39.1 

TJlm 

+18 25 • 

20.8 

Tubingen 

+48 31 

25.5 

Li)V(jau 

+ 18 35 

. 13.0 

Riut tgard 

+ 18 3(i 

25. .3 

Paris 

+ 18 50 

22.2 

Carlanilie 

+49 0 

26.4 

Metz . . .•*.* . . . 

+49 5 

29.0 ■ 

Manlieini 

+49 30 

22.4 

Nismes 

+50 3 

25.3 

Pniguo 

+50 5 

14.1 

( raano 

4 50 6 

13.3 

Penzance 

+50 8 

37.2 

(xORporfc * . 

+50 48 

29.7 

Brmsebi 

+50 17 

28.6 

Nirtschlmk 

+51 18 

16.0 

Goblentz 

+51 22 

22.2 

Bristol 

+61 27 

• 23.3 

Gottingen . . . . . 

+5] 30 

26,6 ' 
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• 

* Place 

Latithle 

llAlN 

per Armtim. 

MiddlebuTg 

4-51*^ 30' 

Inches. 

27.1 

Land on (Greenwich) . 

4r>l 31 

24.4 

Breda . . 

4*0 1 32 

26.3 

Eotter4am 

+51 55 

22.7 

0.rford . r 

+5)1 55 

26.5 

Strasburg ...... 

+52 10 

27.3 

Lyndon. ...... 

4i52 42 

18.3 

Nottingham 

4-53 10 

26.4 

Franekcr 

+53 H 

30.5 

Barnaoul 

+53 20 

10.5 

Duhlm 

<h53 23 

29.1 

Livei'i^ool 

453 24 

34.5 

Alanch ester 

4-23 20 

30.2 

Lancaster * 

454 3 

39.7 

Isle of Alan 

454 15 

37.1 

Kendal . • 

454 19 

53.7 

Seatliwaito 

4o4 . . . 

141.5 

Oo7dci 

454 45 

18.2 

.Dumfries 

455 4 

36.9 

Catherinehurg 

+^5 11 

15.6 

Zlafoouste 

455 11 

I 17.7 

Copenhagen 

455 -40 

18.5 • 

Glasgow 

455 52 

21.3 

Edinburgh 

455 57 

24.9 

Bdnfauns* 

456 20 

24.7 

Sitka 

457 34 

• 87.9 

Stockholm 

459 20 

20.4 

Bogoslovsk 

459 45 

17.2 

Dpsala 

459 48 

17.8 

Petersburg 

459 56 

17.3 

Bergen 

, 4^60 

88.6 

- k 


I 
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(116.) V. IlaiL — In a balloon ascent performed by 
Messrs. Green, Eush, and Spencer, on September 4, 
1838, after mounti^ig to an altitude of 10,185 feet, 
during wliich ascent the thermometer, at 12,000 feet, 
marked 46° Fahrenheit, they found, on descending 
again to the last-mentioned level, a toinj)erature of 22° 
Fahrenheit only, or 24° colder than iu th(fti* ascent. 
At the same time, they found there a heavy fall of fi/iow 
in progress. It is evident that tlds arbse from the 
condensation of vapour ai: that level, and that, from the 
intrusion of some current, a mass of intensely cold air 
had been introduced, which, finding vapour near satu- 
ration, converted it into snow. It is equally evident 
that, had the latter condition prevailed not at the level 
in question, but at a somewhat higher, where the con- 
densation might have been into ram very near the 
freezing point, the drops, in descending, would have 
been fro'^en solid and fallen as halL It might have 
been so equally, had the precipitation been so copious 
as to allow thy!* .coalescence of a great ^ number of 
minute particles in a nascent state into drops frozen 
together instanter, since there is good reason to believe 
that the solid form is never assumed without transition 
through the liquid, however momentary. 

(1 l7.)|The generation of hail seems alwaj^s to depend 
on some such very sudden introduction of an extremedy 
cold current of air into the bosom of a quiescent, nearly 
saturated mass. Hailstorms are always jmrely local 
-phenomena, and never last long. They often mark 
^ their course by. lin(5kr tracks of devastation, of great 
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length and very small t»readtli. In the hailstonii of 
July 13, 1.788, which passed across France from south 
to north, two such tracks were marked, of 175 and 200 
leagues in length respectively, parallel to each other, 
the one four leagues broad, the other two, and separated 
by a tract five leagues in breadth, in which only rain 
fell. A^imikr character is very common, though not 
to sucli an extent. Such linear Jiailstorms arc always 
attended ’svtlh violent wind, ^uddeji depression of the 
barometer, indicating a gi’eat commotion in the air, and 
probable mingling of saturated masses of very dilferent 
temperature. To attribute to haj], as is oftmi done, an 
electrical origin, because hail is often accompanied with 
thunder and lightning (“hailstones and coals of 
seems to us tt) be putting the effect for the cause. 

(118.) Hail may bo very properly distinguivshed into 
single hailstones and aggregated masses. Single stones 
have generally a crystalline structure, radiating from a 
centre if large, forming spherical, oval, or rounded 
m'assos, often marked out (on malvfilj^ a section) into 
concentric layers, like the rings in the section of a 
l)ranch. They fall from the size of small x)cas to that 
of an egg, an orange, or a man^s head, and weighing 
Irom a few grains up to fourteen pounds and upwards. 
I)r. Thomson, in his Introdvctlon to Metr%ir(dogyy a 
work in which the reader will find assembled a most 
extraordinary collection of the recorded marvels of 
meteorology, gives many instances of the fall of largo 
hail-stones. One, described by Captain Delcrosse, as 
having fallen at Bacormiore, July i, 18H), fifteen inche^j 
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in circuinference, had a beautiful radiated structure (fig. 
6), marking it as a single stone, formed in passing through 
two distinct regions of condensation. Dr. Buist stated 
to the Bombay Geographical Society, that in India tho 
haibstones are from five to twenty times larger than 
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those in England, often weighing from six ounces to a 
pound, seldom less than walnuts, often that of oranges ! 
'I'hesc storms are almost alw^ays accomi)anied by violent 
wind and^rain, thunder and lightning, and &re frequent 
in the delta of the Ganges, especially in the low country' 
within fifty miles of the Bay of Bengal. 

(119.) Great liailstorms are often preceded by a 
Ipud clattering and clashing sound, indicating tho hurt- 
Jfeig together o:^ maizes of ice in the air. The recent 
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exj)T?rinients of Professor Tpidall on tlie reuniting of 
Lroken ico by “ regelation,” or a sort of welding, fully 
explains the formation, under such circumstances, of 
large masses of ice of irregular forms in this aerial 
conflict. Such are recorded to have fallen of almctst 
fabulous magnitude. In Candcish, in 1826, in a hail- 
storm wflich |)erforated the roofs of houses like small 
cannon shot, a mass fell which took some days to melt, 
and must lave weighed more than a hundred- weight. 
— (MaleL) On May 8, 1832, a mass fell in Hungary a 
yard in length and nearly two feet in thickness. — 
{Thomnon.) And if it bo true, as stated in the Ross> 
nil ire Advertiser in 1849, that a block of irregular 
shape, nearly twenty feet in circumference,” fell in 
August of tlfat year on the estate of Mr. Moffat of Ord, 
in)mediaiely after an extraordinarily loud peal of 
tliunder, He 3 ^n 8 's relation of a hail-stono as largo as an 
fdophant, at Seringapatam, in the reign of Tippoo 
Sultan, may perhaps find believers. Tlie Eoss-shire 
riiass is stated to have been compos(^%of lozenge- shaped 
pieces, one to tliree inches in size, firmly congealed 
together. * 

(120.) VI. Brmc . — When time is allowed, and the 
process of precipitation and congelation talces place in 
a less tumliltuous manner, so as to allow thf deposited 
particles to accrete according to regular arrangements, 
small spiculse form, crossing one another at angles of 
60°, the primitive crystal of ice being a rhomboid of 
60° and 120°, producing as one of its secondary forms 
the regular hexagonal prism, having (as all such crystals) 
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cue axis of double refraction parallel to tlie axis, m is 
easily seen in a sheet of ice formed in stilf water on 
exposure to polarized light. When deposited as hoar- 
-frost in the condensation of dew, the crystallization is 
; confused by contact with and adhesion to the radiant 
body, but wlien supported only by air and receiving 
accretion on all ndes, a high degree of regilarity is 
attained, and the most perfect and symmetrical six- 
rayed star-like forms arisCj of which (drawn Vroin actual 
observation of the falling spangles, in very cold 
weather) Ur. Scoresby has given several figures, and 
-Mr. Lowe and Mr.^ Claishcr have more recently 
published scries of engravings. The variety of forms 
ahected by theso delicate mechanisms is infinite ; 
the beauty of their patterns incomparable. By Mr. 
Glaisher’s permission we have transferred a few of his 
figures to our pages (PI. XIX., figs. 2-15). * Mr. Lowe 
has been iortunatc enough to observe them in the act 
of forming, and to witness the whole process of con- 
struction of son» lof their most elegant and complex 
varieties. 

(121.) It cun hardly ho doubted that clouds at great 
elevations consist of frozen particles. The phenomena 
of parhelia and some species of halos are explicable 
only by thp refraction and reflection of lighfr in prisms, 
with angles of 120° and 60°, as M. Bravais has shewn 
(following up the theoretical views of Mariotto and 
Young) by a neat ^d elegant mechanism. Now these 
are the angles of the primitive rhomboid actually 
measured by Dr. ^ClarV:. In such clouds, at all events, 
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vesicles cannot exist, and in the gradual melting of 
tlio snow*si:)angles, the laws of capillary attraction, Ly 
lining up all re-entering corners, would elfectually 
preclude the inclusion of the smallest air-huhhle, 
though a compound snow-flake hurri(3dly melted might 
now and then entangle one. 

(122!*) Ea]len snow of even a very moderate depth, 
is a powerful agent in mitigating the extreme effects of 
frost on tine soil. Owing to its^ loose texture and its 
inclusion of eight or ten times hulk of air, it is a 
very bad conductor; and although its upper surface 
may be cooled by radiation or otherwise to a very low 
poiiLt, its interposition cuts cjff the oomm unication 
between the chilled surface and the soil beneath it. 
The farmer Jooks to a fall of snow as his best security 
for the preservation of his autumn-sown and sprouting 
crops throiigh the winter. 

(123.) Leh^el of Pcrpeiml Snou \ — Since by ascend- 
ing into the atmosphere a temperature inferior to 
congelation is everywhere met witl^it is evident that 
a mountain of some certain elevation will have the 
mean temperature of its summit at or below the freezj^' 
point; and although it does not follow that whore the 
mean teinperaturc is precisely 32°, snow will necessarily 
be found %11 the year round (since this wilj depend on 
the greater or less accumulation of it in the cold seasons, 
and on the greater or less evaporation in the warmer 
ones), yet, somewhere about this limit, and at all events 
at no great elevation above it, we must expect to 
encounter the phenomenon of perpetual snow. If wo 
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take 1° Fahr. for tlio average (Icpression of the thor- 
inomcter for 100 yards of increased altitude in'niountain 
ascents, as a rough approximation, and assume 84^ for 
the mean equatorial temperature, tliis would give (84 
— 32) X 300 ft. = 15,600 ft. for the height above the 
sea level, at which, under favourable circumstances, the 
perpetual snow lino may occur under the equator; 
we say under favourable circumstances, for it is evident 
that if tlic mean temperature of the year ever so 
little above the frcczhig j)6int, we cannot expect snow 
to lie all the year round, especially on the summit of a 
mountain where all the water produced by melting 
iinincd lately runs off, Vnd therefore ceases from that 
moment to act as a reservoir of cold. Now the mean 
of Humboldt's determinations of this clement for the 


mountains of equatorial America from 4'^. 4 6 N. lat. to 
H.30 S. (Asia CmiralCy p. 4G1, tab.) gives 47,74 metres 
==15,670 feet. 

(124.) This, however, must be considered as a mini- 
Pium reckoning. Jn the celebrated work just cited,- 
Baron Humboldt has given a table of the most authentic 
determinations of tlie snow-level for 34 mountains 
trigonometrically measured from 71° N. lat. to 54° 8. 

those the mean annual temperatures at the sea-level 
are correspo|idiiigly stated for 18 stations — cfdculating 
on which it* would appear tliat about 2100 feet on an 
averages ought to be added to tbo height calculated on 
the damJament of temperature assumed in the last 
give that of the snow line. 

Ie fact, howGjyer, no general rule or principle 
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of* calculation can be laid down, and tliougli attempts 
are not ^wanting to construct fornnilre- whicli sliall 
a£[brd a close approximation to the height in any 
googi’aphical position, it is impossible to jdace any 
reliance on them. This will be the more evident when 
wo come to consider the causes which must of neces- 
sity inlRienc^ the result. Of these the principal arc — 
1st, The situation of the .sloj)e on which the snow licis 
on the n^^untrin chain, with rosj^ect to the incidence 
of the sun's rays. Thus, on the southern declivity of 
the Maladctta in the Pyrenees, the level in question is 
nearly 1200 feet higher than on the northern ; 2d, and 
more especially its situation with respect to the 
direction of tlic wind, wliich brings the cliief supply of 
moisture Uf be deposited in snow, and wliich will 
naturally he heaped on that side of the mountain whicli 
acts as an obstacle to its progress. To these causfis 
must bo added, 3dly, the greater or less steepness of the 
slope ; and above all, 4thly, tlie greater or less degree 
of habitual dryness of the region hk ffhich the mountain 
is situated, by which the snow itself is evaporated and 
carried off. So great is the influence of these caus^flS; 
that in the Himalayas, whore some of the mountain 
peaks attain the enormous altitude of 28,000 feet, the 
snow line*on the southern side of the great |hain occurs 
at 13,000 feet, and on the northern at 16,600, or even 
(according to Mr. Loud) 18,300, the moist winds of the 
S.W. monsoon depositing their snow almost wholly on 
the southern side, while the northern is exposed to the 
evaporation of one of the dries? regions of the globe. 
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On the other hand, on the eastern slope of the Cc^r- 
dill era, in Chili, the snow-level occurs at 15,9fl0, while 
on the western ’it rises to 18,500 (llumholdt's 
Centrale, hi. 3C0), the dilfereiice again being atiri* 
butable to the direction of the wind (the S.E. trade), to 
which the chain of the Andes furiiis a barrier, and of 
which, to a certain extent, it diverts tliei couffee, and 
the excessive aridity of the region between the cliain 
and the Pacific, in which raiji is a thing almost^'inknonni. 
Apart from llie illustration it aflbrds )f the distribution 
of tom])orature in diliereiit strata of the atumsplieri*, 
the subjects of the lev(^l of perpetual snow, the inferior 
prolongation into glaciers, and the occasional instances 
where icc occurs in caves hxr below the snow line, i)re- 
served throughout the summer (or even iti ojien pits, 
as in the quarries of the Isiedermcnnig on the Khine), 
belong rathev to physical geography than to n^l^tcorology 
proper. 

Atmospheric Ele^tt^ricity, Ligiitninq, Thunder, eto. 

(12G.) The community of nature between lightning 
^d electricity was suspected from the very earliest dis- 
covery of the electric spark, by Wall, in 1708, but it 
was not till 1752 that Franklin suggosted the idea of 
obtaining eiidcncos of their identity by erecting pointed 
metallic conductors properly insulated. The experiment 
was tided in France^ with success, hut Franklin, tired of 
waiting for the erection of a pointed rod on ^ spire in 
Philadelphia, had the happy idea of flying a kite and 
exploring the string ^or electricity. The experiment 
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sifccetided, meriting by its success that sublime, image 
which forms the inscription on one of liis medals, 

“ Eripuit fulmeii cadu, sccptrumque tyrannia.” 

ranklin's kite was flown with ordinary pack-thread, 
held b^ a few foot of silk line, and the electric effectvS 
obtained b>'*him wore feeble, though sparks were i)ro- 
ducctl. But Komas, using in j^laco of a string, a tine 
wire, obtained, during a tUunde^torm (1757), flashes 
of Are nine or ton loot in length, thirty of whicli suc- 
ceeded eacli other iu an hour, besides innunierablo 
flashes of .seven feet, which, by^j'''‘'4,ns of a conductor, 
insulated by a glass liandle, he was enabled to direct at 
ph'.asure — not altogether wdth impunity, being struck 
down on one occasion ; though the terrible catastrophe 
of July 26, 1753 (when Professor liichmann of Petm's- 
hurg was* killed on the spot while explaining to a 
companion the constniction and movements of an 
electrometer attached to his conductor) might have; 
warned him of tlie dangers attendiA^ such experiments. 

(127.) By means of awdro 370 feet long, attached 
by a silk cord to the top of a steeple at Maintenon, tliT 
Abb6 Mazeas, in 1753, ascertained that the presence of 
a thunder-cloud is not an essential condition for the 
manifostalion of atmospheric electricity, but that in 
clear, dry, and especially hot weather, electric cfiects 
are produced at all hours between .sunrise and sunset, 
lie even noticed a certain regularity of diurnal increase 
and decrease. Prom that tiny3 the exploration of 
atmospheric electricity has formed a* part of meteoso- 
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logical inquiry. It is performed by erecting in a clear 
exposure, at a ^considerable height, a polo, carrying at 
the top an insulated and pointed metallic rod, connected 
with, an insulated wire to convey the electricity into a 
fitting place for examination. There it communicates 
with an electrometer, a l^eyden jar, a condenser, or an 
apparatus for measuring the length of tbe spark (if 
any), by which the kind of electricity (vitreous or 
resinous) may be tested, and its intensity 'measured 
and registered. When violent, a boll is made to ring 
by the alternate attraction and repulsion of a metal 
ball, suspended by a silk thread. The best collector of 
electricity, which is often usqfl when a rod like a fishing- 
rod, with an insulating hamlle, is thrust out from an 
upper window, is a bit of amadou, held iii a’ metallic 
foi^eps, the smouldering smoke of which being an 
excellent conductor, as it were searches the air into 
which it ascends, and conveys its electricity down to 
the wire attached. A sponge moistened with alcohol, 
and set on fire, is atSt an excellent collector. 

(128.) Eead, to whom we owe a very elaborate 
' Sslles of researches, continued almost hourly, without 
intermission (except for sleep), for two years (1791-2). 
Coulomb, Cavallo, Saussure, Schuhlor, Colladon, and 
others, hav^ shewn that the normal character^of aerial 
electricity is positive or vitreous. Of 987 trials, Bead 
found that 664 gave positive indications ; hut as his 
method of observation improved, he found that the 
ratio positive cases increased ; and, moreover, that a 
gr^Jiumber of the negative were only apparent, aris- 
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irfg from induction, the top and bottom of his rod 
giving contrary indications. Out of 10,500 observations 
made at the Kew Observatory in 1845-47, 10,176 
shewed positive, and only 3G4 negative electricity — 
the latter being almost always accompanied with heavy 
rain. 

(12!?).) JS'ot only is the normal electricity of the 
atmosphere positive at all seasons, hours of the day, 
and placJfs, but the intensity of its manifestation is 
invariably greater the higher in it a conductor is raised,^ 
This would appear to be the case even in the very"^ 
highest regions. Thus in Gay Lussac's ascent, a wire 
150 feet long, hung from the car of the balloon, mani- 
fested a 7iegative state of induced electric tension at its 
uppeyr extremity (where only it could be tested), thus 
indicating a liigher state of positive electricity in jthe 
highest strata ; or, in other words, the usual condition 
of electric observation on the ground being reversed, 
and the state of the lower strata being explored by the 
wire, it was found to be relatively megative. Hence it 
manifestly follows that, relatively to the air, the earth's 
surface is habitually negative — ^the positive electricitj*^ 
being repelled inwards, and the negative drawn to the 
surface. As moisture is withdrawn from the lower 
strata of the air, by deposition in dew when^ evaporation 
ceases ; so electricity, when not in the act of being sup- 
plied from below (as presently to be shewn), is per- 
petually, though slowly, drawn off by conduction. 

(130.) Fog is, for the most part, strongly electric, 
and invariably positive, even during the deposition^ of 
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dew. Read found the vapour near the ground, in the 
act of condensing into dew, always highly' electric. 
The importance of thh remark will presently appear*. 

(131). From the observations of Saussuro, Arago, 
Schubler, and others, it appears that the electric tension 
of the atmosphere is subject to a diurnal periodicity 
with a double maximum and minimum. The /naxima 
occur about 10 a.m. and 10 r.M., and the minima from 
noon to 4 according to the season (summer or 
winter), and a little before sunrise. The nocturnal 
minimum is much more strongly marked than th(i 
diurnal. The electric tension is also stronger in winter 
than in summer. On the open sea, except during 
storms, there is but little indication of atmospheric 
electricity, hut the masts and rigging of ships interfere 
greatly with the requisite arrangements for observing it. 

(132.) The origin of aerial electricity has been traced 
with every appearance of probability to evaporatiom 
Saussuro and Beccaria proved by many experiments 
that the rapid evaporation of water from heated bodies* 
gives rise to a separation of the vitreous and resinous 
Tlfjctricities, the one being carried olf by the vapour, 
the other remaining in the residue or being conducted 
away by its support, but nothing uniform or con- 
sistent eitliier as to the positive or negative cha- 
racter of the electricity thus conveyed into the air, or 
its . amount under ^ven circumstances was obtained, 
the subject engaged the attention of M. Pouillet, 
who, in a remarkable memoir read to the Academy of 
^jen6es in 1825„ announced the following results: — 



ATMOSPHEEIO ELECTRICITY. 


127 


Idj Simple change of state from the solid or liquid to 
the vapihous form of any body, is unaccompanied by 
.any electrical excitement. The evaporation of piu*e 
water or of any substaiice not decomposed, or at least 
])artly decomposed in the act, produces none whatever. 
2c^, When evaporation is accompanied with chemical 
changd} eleptricity is developed. Water evaporated 
from alkaline solutions carries off resinous and leaves 
behind Ai^roous electricity. The reverse happens when 
it evaporates from an acid, or from neutro-saline solu- 
tions, including that of sea salt, or from heated iron 
which it oxidizes. 3c/, Tho processes of vegetation in 
•which water is abundantly separated from tho other 
constituents of plants, and perhaps also their disen- 
gagement (sf oxygen imder tho influence of light, or 
carbonic acid under contrary circumstances, are also 
sources of electricity. 

(J33.) Thus we are led to look to the immense 
evaporation both from sea and land, and to the vital 
•processes going on in the latter, furnishing at least 
the chief supply of electricity to the air. Volcanic 
eruptions and conflagrations contiihute their quoca."^ 
Thus in the great eruption of Vesuvius in 1794, 
described by Sir William Hamilton, the dense cloud of 
mixed vSpour, smoko, and ashes, which overhung the 
mountain, was ovcrcliargod with lightning, which 
darted around in continual flashes (ferlUe) upon Somma 
and the slopes of the crater. Wind, too, by its fric- 
tion, or by that of tho dust, &c., which it carries witli 
it, may also contribute somewhit to th6 general stock. 
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(134,) In wlmt state free deotricity exists in gaseone 
matter is at present a mystery. The simplest concep- 
tion we can form, is tliat of its investing the ultimate 
molecules of vapour as an electric coating of infinitesi- 
mal tension, far too feeble to discharge itself from one 
to the other, and so to escape by what is called con- 
duction through a moist atmosfhercP ^If tnis bo 
granted, we can conceive the co-existence at a distance 
from each other of maases of air oppositely electrifiod, 
and capable of giving out a portion of their contents 
by contact dhchargCy to a rod, wire, flame, &c, and 
thus explain the collection of electricity by these 
means from the air, anci its diversity of character as to 
and niin'm, 

(135.) But whatever may bo the state of rho ultimate 
molecules of vapoui, it , scorns imposbiWe but that when 
a great muHitude of them lose their vaporous state by 
cold, and coalesce into a drop or snow-spangle, howetot 
minute, that drop will have collected and retained on 
its surface (according the laws of electric equilibrium), 
the whole electricity of its constituent molecules, which 
1W1 therefore have some finite, though very feeble 
tension. Jfow, suppose any number (1000 for instance) 
of «nch globules to coalesce, or that by successive 
deposition Ane should gradually grow to 1000 times its 
ori^^nal mlrnm. The diameter will be only 10, and 
the surface 100 times increased. But the electric con- 
tents being the sum of those of the elementary globules, 
Hirp be increased one thousandfold, and being spread 
over the ^sur^e, will have a tenfold density 
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ThJ$ einipl© view of the gwibject^ ptit 
forward the i^jost distinct form, at the veiy origin of 
the diBOuesion of the nature of lightning by Seles (Phil 
Tr 1752, p, 527), needs only to be carried a very Uttle 
farther than the then state of electric fenowlodge 
enabled its author to do, to render a complete expkna* 
tion of%ll tlie ordinary electric phenomena. And, 
lust : the comparatively high electric state of fog (and 
<*loud is natldrg else), is an obvious i‘on sequence of it. 
Every minute globule of watoi, ol^ which fog consists, 
carries about with it an electric coating, which it is 
ready to part with by contact discharge to the suifaoe 
of any conductor, and the denser the fog, and the 
Larger its globules, the greatei the amount of electricity 
given out. Again, the electricity ol the superficial air 
occasioned by the deposition of dew, is in perfect 
accordance with this view, and is a corollary from the 
general proposition too obvious to , need insisting on. 
Agdn, as regards the diurnal fluctuation, when the air 
exhausted of its vapour by night •(h^position in dew, 
and by upward difliision without a new supply, the 
electricity is at its minimum. It increases as new 
vapour rises under the influence of the ascending sun, 
decreases again (though not much) as the increasing 
warmth of ^he air renders it more capable of holding 
the still larger amount of vapour unoondensed, and aa 
the vapour itself rises rapidly to form cloud, increases 
again as night eomes on, dew b(^n8 to form at sunset, 
and Vapour to settle into globules bjr atmospheric radia- 
tion^ and once more decreases as the quantity of th^e 
K 
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electrified globules diminisbes by depositiou and diffu- 
sion. There is no doubt a certain amount of'slow con- 
duction back into th€ssoil, the intimate nature of which 
it is very difficult to conceive rightly, but of which the 
phenomena of electricity of weak tension furnish abun- 
dant examples, by which a considerable portion of the 
electricity near the surface is returned to Jhe earth, and 
which is more effective, the more “ relatively moist ” is 
the air, and by which 'the march of the diurnal fluctua- 
tion, and its cpocla of maxima and minima, are 
materially influenced. 

» (130.) When condensation of vapour takes place 

aloft, as when a cloud is formed, the tension on the 
surface of its globules may increase by the process 
explained, till a portion of the elcctricitj^is enabled to 
work its Way to the surface of the cloud, regarded as a 
conductor,* though a bad one, by the general law of 
electric equilibrium, which tends to throw out the fluid 
to the surface, and universally, no doubt, the exterior 
of a cloud in iura higher state of tension than the 
interior, and its under surface, as opposite to the earth, 
*^lhan its upper. When the almost infinite dimensions 
of a cloud, in comparison with on(^ of its constituent 
globules, is considered, it must bo evident that, were 
the wholl electricity of each globule thils, at once, 
determined to the surface, a tension so enormous would* 
arise as would discharge the whole in a single flash 
at whatever b^ght the cloud might be. But this is 
vOSauredly not the case. Probably but a very minute 
jjtoctioii. of .the jntei5or electricity is at once conveyed 
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to *1116 surface, the farther communication being delayed 
until the* exterior tension is relieved, either by slow 
dissipation or by self-discharge. When this happens, 
the acctiniulation commences anew by the same kind of 
percolation (if we may use the term to express the out- 
ward struggle of the electricity of the globules), till 
anotho^ and .another discharge at length exhaust the 
supply. 

(137.)^It will easily be ^een, ^hat when thousands 
of these clcctrifcrous globules again further coalesce 
into rain drops, a great and sudden increase of tension 
at their surface must take place. The^ electricity, 
then, is enabled to spring from drop to drop, and 
rushing in an instant of time from all parts of tho 
cloud to the Surface, a flash is produced. Accordingly, 
ill thunder-storms, it is the commonest of all phenomena 
to find each great flash succeeded by a sudden rush of 
rain at such an interval of time a^ may ho supposed to 
have been occupied in its descent.* Tbo sudden pre- 
cipitation of large quantities of rainf and especially of 
hail, which is formed in a cold region where tho insu- 
lating power of tho air is great, is almost sure to bo 

* [Quito recently I have received from a personal friend liviug 
at a short distance from my own residence, the followii^g account of 
his ei:periencJ of an Electric Stroke. Eetuming home fiom a walk 
iU thunder-storm Boomed to be brewing. It came on lapidly and 
he found himself suddenly prostrated “on all fours” by a flash 
of lightning, a shock which was not, however, strong enough to 
deprive him for more than a few instants of self-possession, and 
not at all of consciousness. It did not rain, or b\it little, wheu he 
was struck, but when he got up, he waf drenched to the skin.-- 
Kote added. ISfll.] 
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accompanied witli lightning, which the usual pcrvcmty 
of meteorologists, where electricity is in question, long 
persisted, and even yet persists, with few exceptions, in 
regarding as the cause, and not the consequence, of the 
precipitation. TJie theories of the electrical formation 
of hail which have been advanced, indeed appear to us 
too absurd to need a moment's consideration. The 
utmost amount of electrical agency which wo can con^ 
ceive iniluential in^detcrpiining prccipitatiTin, is the 
sudden relief of tension on the discharge of a flash, 
which may permit, and perhaps, by the vi])ration of 
the air in the thunderclap, cause, the coalescence of 
globules into dropsy which would otherwise have been 
kept asunder by tlioir mutual repulsion. As a came 
of windsy or any aUmsplieric movements not merely 
rnolecnlar, wc attribute to it no importance whatever. 
As a chemical, and still more as a magnetic agent, 
however, tiiero is every reason to believe atmospheric 
electricity to play a very important part in the- economy 
of nature ; since cannot but admit the possibility at 
least of a connection between the diurnal varhitions in 
the electric state of the general atmosphere and the 
diurnal inequalities of ton-cstrial magnetism; and the 
transformation of oxygen into ozone (the most powerful 
of all known disinfectants) by the electric *6park (and 
ihorefore on a larger scale by lightning), is not a matter' 
of conjecture but of experiment. 

(1 38.) There is one phenomenon which a1^ first sight 
spems opposed to thf view we have taken of the pro- 
duction of lightnings the negative electricity firequently 
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observed during the descent of rain. But the researches 
of Faraday (Phil. Trans,y 1843) have shewn that the 
friction of water-drops (when pure) against all substances 
(and therefore probably against air) developes negative 
electricity most powerfully in the substance rubbed. 
And the probability is converted into certainty by the 
fact that the i?pray of a descending waterfaD fills the air 
around with negative electricity, sensible even at several 
hundred feet distance. It is* probf^Jbly to this cause that 
we must attribute the rapid alternations of positive and 
negative indications in the atmosphere whicli always 
attend thunder-storms. 

(139.) It is certain that the flashes of lightning iire 
ofben some miles in length. The prolonged roar, inter- 
rupted by explosions, of the thunder, which, excited at 
the same instant along the whole course of the flash, 
reaches the ear in succession by the transmission of 
sound at a uniform rate from every point, sufficiently 
proves this. Nothing is more common than to see 
flashes of lightning subtending at tlie eye an angle of 
30"^, the nearest point of which, estimated by the com- 
mencement of the thunder, cannot be less than two or 
three miles distant, and which its prolongation proves 
to be very oblique to the line of sight. Wefiavo been 
assured by a celebrated Abyssinian traveller, that , he 
has seen flashes in that country extending from horhson 
to horizon, and which he could not .estimate as under 
50 or 100 miles in length. It i^ evident, then, that 
the electricity in lightning does no^ merely spring across 
a nonconducting interval to the nearest phject (which 
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in most casos would be the earth), but finds^a patlf of 
ease, and is led on from interval to interval (as its zi^- 
zaf^s denote) along a line of least resistance, and is not 
improbably reinforced in its course by other electricity 
not of itself intense enough to break the obstacle 
opposed to its escape.* By far the greater munber oi‘ 
discharges are made into air or into h^ss chfctrifiod cloud, 
and only a very small, percentage into the earth. 

(140.) Of those vdiichdo so, the destruefivo effects 
are well known, and volumes might bo lillod with 
instances of their amazing power, and capricious and 
xmaccountabJe forms of its manifestation (Arago, Bureau 
des Long, 1838.) Wc shall mention only one or two* 
as specimens. In a storm at Ludgvan, in Cornwall, as 
related by Borlase, rhil Trans.^ 1753, a'flash of light- 
ning striking a chimney-stack of hcAvii stone four feet 
square, car led it bodily away, and throw it into a pond 
twenty feet distant. In another, described by Arago, 
a wall containing twenty-six tons of brick-work was 
carried en masse, lotaining its vertical position, nine 
feet from its place. Wo have seen a large oak tree, 
near Alton, Hants, winch was rent into ribands, and 
every limb of which had boon struck off as if by an axe, 
.4 

• This is not a mere hypothesis. la an experinftnt suggostod 
by the author to the late J^rofessor Daniell, and performed as soon 
as suggested, the sinking distance of a voltaic battery was greatly 
increased by pasHing ^ common electric spark from the positive 
to the negative pole. The vastly increased striking distance of a 
magneto-ejectric comhJialion in the neighbourhood of flame, in 
.which its detours may W observed, affords a perfect illustration 
tff the process desefibed in the text. 
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anti had fallen around the tree, as by mere privation of 
support, without lateral projection. In produ(‘ing those 
effects, the electricity would seem to act immediately by 
the expansion of vapour generated by its violent heat. 
When it strikes into deex) sand, it produces those extra- 
ordinaijr hollow tubes of fused quart zl known as 
fulgurites,** of which the Ihitisli ^ruseum possesses a 
niagnificont specimen, dug out n(‘ar Dresden by Prof. 
Fiedler, Other effects of iightniiig are recorded in the 
Athenmuin, No. 1535, March 28, 1857, too marvellous 
t/O bo recounted here, but which, should they be verified, 
would open quite a new field 4 >f inquiry^ in electrical 
research. 

(141.) Thunder-storms occur with very unequal fre- 
quency in dilferent geographical situations. In J amaica, 
according to Mr. Graham Hutchinson, a thunder-storm 
bursts over the mountabis near Port Itoyal every day 
from the beginning of November to the middle of April, 
at about 1 h. p. m., continuing about an hour and a half. 
In the neighbourhood of Towfi,*thimder-Btorms are 
few and feeble, while on the eastern coast of Soutli 
Africa they are frequent and violent. The one region 
is arid, the other well watered. 

(142.) The quantity of electricity discharged during 
some storms must be enormous. In the storm of Aug. 
23-4, 1855, the blaze of lightning was almost uninter- 
rupted foi^ many hours, from a series of clouds passing 
from wo-^t to east, in two iino|, over the soutli of 
England. The commencement cjt the SW. monsoon in 
India, in May 1848, was marked by a thunder-sto^ 
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extending over 600 miles from N. to S., and measuring 
60 miles in Ibreadtli/' The thunder-storm of September 
3, 1841, “visited atHho same time London, Paris, 
Konen, Magney, Lille, and Evoreiix.” — {Thomson). 
The mere evaporatioji of water would seem at first sight 
inadequate for the supply of so vast an ox}>enditure, 
Were it not that we learn from I)r. Faratlay that the 
ehemical action of a “^graiii of water on four grains of 
zinc can evolve a qua^itity of cloctrieity equal \o that of 
a powerful flash of lightning!” — {Phil. Trans., 1834, 
p. 117.) 

Systematic View of Metkorologioal pEnionioixiEs — 
General Principles of Climatology. 

(143.) The climatology of the globe is the sumnuiry 
of our knowledge of the climates of all the places on 
its surface, so presented to our mbida as to convey the 
notion of law, and give it an ideal unity. To do this it 
is necessary to stucfy*f^cr/^^^/w^ the elements which enter 
into oui estimate of climate, and follow out the course 
of the variations of each, — first, independently of the 
ot]iors, and then in connection with them, or, in other 
words, to dbtennine for each of these elements, Isi, its 
mean or average amount, as measured in its appropriate 
units ; the extent and laws of its deviations from 
that amount; aud, Mly, their mutual interdependence, 
or the reaction of qnch element on the rej:t. Such 
features as are not sukoptible of definite measurement, 
a^have no appropriate units, or as wc have no instru^ 
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BitJnts competent to measure, must of course be ex- 
cluded. Looked upon in this general point of view, 
the science in question can hardly bo considered as 
advanced beyond its infancy. 

(144.) It is a dynamical law absolutely universal, 
and one which extends even beyond the domain of 
mere cfynanics, that all periodicity in the action of a 
cause ptropagates itself into evenj^ even the reuwtesiy 
effect of^that muse, throuyji u^iatever chain of inter- 
mediate arrangements the action is carried out When 
the effect is indirect, and especially when it is the 
result of one and the same law of periodicity in the 
same cause operatiog circuitously through several systems 
of intermediate connection, the numerical valuation of 
the effect (which, in the simplest case of direct action,, 
depends on the calculation of an exi>rcssion of the form 
A 4- B . sin. (nt -p 0), 

where, A is the mean or average value of the result, B, 
C constant quantities, and nt an arc proportional to tlio 
time directly, and the length of •tfie period inversely) 
resolves itself into that of a series of 'simiLi^gjwns, con- 
‘ taining not merely nt, hut its multiples' 2/u, ^nt, (Src., 
each '^^th its o™ appropriate constants, and which 
therefore run through their periods respec^vely in half, 
one-thir(f, etc., of the period from which they originate. 
Thus, if the original period bo a diurnal one, and 0 bo 
the time converted into arc at 15® j^cr hour, the ultimate 
expression of the effect will alwavs put on the form, 

, E A 4; B sin. + B' /n.^ (2 ^ 4* C) + &c., 
in which A is the mean or average -value of the eS^ct 
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in question, and B, C, B', &c. constants determirfed 

a jprioriy if sucL. determination be possible ; if not, by 
observation from the c?5mparison of as extensive a series 
as possible of registered values corresponding to de- 
terminate instants of time. The term containing 
which runs through its period in a day, expresses the 
leading feature of the elfcet — ^that which® gives it its 
character of a diurnal fluctuation; the others, which 
run through theirs respectively in 12h., 8h.,*bh., <fec., 
express subordinate fluctuations, more or less materially 
modifying the law of its increase and diminution, and 
the epochs of its maxpium and minimum, and in 
certain cases giving rise to double maxima and minima in 
the twenty-four hours. In meteorology, it has hitherto 
boon seldom found necessary to carry suck series out 
beyond their third or fourth terms. 

(145.) When the acting cause is subject to two or 
more distinct periodical fluctuations, these make their 
appearance in the numerical expression of the effect 
under the form of periodical combinations, such as may 
arise fre^a^multiplying together terms of a similar form 
containing nt, and anothonarc nH similarly derived from 
the other period. In astronomical researches t]|oso are 
usually resolved into sines and cosines of the sums or 
differences of nt^ n% and of their multiples. But in 
meteorology this would be inconvenient, and a different 
mode of regarding ^uch combinations is found prefer- 
able for the following reason ; — « 

(146.) The sun’s^ action being the ultim^ite eflSicient 
caktee of all meteorological change, every meteorological 
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ililctuation of a regular character will arrange itself, 
on the principle above laid down, into diurnal and 
annual periodicities, including under this expression 
semi-diurnal and semi-annual ones, &c., and such 
as may result from their superposition (leaving out of 
question the period of 11*11 years, depending on the 
constitutiomof the sun itself, see art. 7). But the year 
being a very groat multiple of the day, we may regard 
the solar agency as practically invpiablo during a single 
day, or such a small number of successive days as may 
suffice to bring out the full dimnal effect, which comes 
to the same thing as adoptii\g in general the diprnal 
form of expression, 

E ~ a + 6 . sin. d- c) + 1>. sin. (2^4* c) + &c. 
where d is tlie sun’s hour angle reckoned from midnight 
for the fluctuating effect, and regarding the co-efficients 
a, <fec,, as constant for any single day, but each 
subject to an annual periodicity, and as being, each of 
them, expressible under the same general form, sub- 
stituting for ^ the corresponding mfhual arc — for which, 
if we choose, wo may use the sun’s mcai^iwgitudc. 
ITius each of the co-efficients of the diurnfiOformulm, 
tt 4- ^ . sin. + c) -f h\ sin. (2 ^ + c') 4- , 

comes to he regarded as itseK a periodiegi function of 
the form 

A -f B . sin. (0 -f C) 4- B'. sin, (2 04 - C') 4- &c,, 

0 being the sun’s mean longitude^ 

(147.) Every one of these, co-efficients, whether 
diurnal or annual, generally dnsidered, is dependent 
on the geographical position of the place of obscrvatitiin ; 
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in other words, is the function of the latitude, longitude, 
and elevation above the sea-levol of that place, which, 
being arbitrary and of'^unlaiown form, may be con- 
sidered as embodying all the local peculiarities of what- 
ever nature ; and it is not until all these co-eflficiriity 
are determined, or at leaKst all which have an apprcti- 
able magnitude, for each meteorological element — in 
temperature, barometric pressure, tension of vapour, 
rain, &c., wind, and electricity — that the climate of the 
place can be said to be fully kno^vn. 

(148.) Any one of these functions, though its analy- 
tical form may be quite bpyond the reach of our inquiry, 
yet, by a sufficiently extensive and continuous combina- 
tion of observation and calculation, carried on upon a 
system presently to be explained, may become known nu- 
merically, and tabulated for every accessible part of the 
globe ; and being so tabulated, the points at which it 
has equal values may be laid down on a globe or chart. 
Tlxese points being connected by a continuous line, and 
ftis done for a succi^jidoii of values, progressing by con- 
venient-^^ regular intervals in the scale of magnitude 
of the funwon, from the maximum which it has in any 
part of the globe down to the minimum which occurs 
anywhere ; df series of level lines, or isometeoric lines 
(if we may coin a word to convey the general notion) 
will arise, which will present to the eye the progression 
and connection of tl^ particular co-efficient over tho 
world Exactly as if wishing to convey, for instance, 
an of the exterior form of the solid surface of the 
gl^, TO should commence by delineating the coast- 
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liTj^es of the continents and islands, wMch are the level- 
lines for*(i ft. from the ^sea-level, and similarly laying 
down points wherever the height of 100 ft. above, or 
depth of 100 ft. below the sea occurred, and connect- 
ing them, should get the level Hnes of -f 100 ft. or 
— 100 ft., i.e,y what would be the coast-lines were the 
sea to tee of sink 1 00 ft. ; and so on, to the tops of 
the mountains and extreme depths of the ocean. 

(14flb) This niode of exhibitfng to the eye by a pic- 
ture (a picture wliich hiight beconJc a model by execut- 
ing it in relief) the law of variation of a function 
known only by observation, over the surface of the 
globe, or any particular district of it, was'hrst devised 
by Halley to express the law of the variation of the 
magnetic compass, but first introduced into meteorology' 
by Humboldt, to exhibit the law of distribution '^of 
temperatiwe, by laying down a system of IsofMrmic 
lines, or those in which the mean annual ieinperatare 
is alike throughout ; that is to say, in which the co- 
ullicient, A, in the expression for mean temperatu^ 
of the whole year, vk., A + B . sin. (0 -p C) -f &c.,,js con- 
stant j and which, therefore, serve to conn^tSf in idea, 
as places having* at least one very eminent meteorolo- 
gical feature in common, all those points ^ the globe 
which receive (from whatever cause) the same annual 
total of heat. To these lines we shall recur hereafter. 
Climatology as a science (or rather as a branch of 
physical geography, to which, rather than to meteor- 
ology, it properly belongs), wonldjbe complete, or nearly 
. so, if we possessed a complete atlas of such charts, 
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containing tlie isometeoric lines for all the r6a,lly 
influential co-efficients, both annual and diurn'al (which 
are not very numerous), exhibiting the mean values of 
each of the annual co-efficients from the observations 
of many years, and the mean values and annual maxima 
and. minima of each of the diurnal ones. Hitherto 
only a few of such lijios have been tracfjd, aifd that 
imperfectly, viz., the lines suggested by Humboldt, or 
the Isothermal^ Isotlie^'al and Isocheimonal iines, or 
those in which the' general mean temperature, the 
mean summer temperature, and the mean winter ban- 
perature, are respectively constant ; the Isogeothermal 
lines of Kiipher, in whicli the mean temperature of the 
soil is constant (and which are not always identical 
with the Isothermals), the Isobarometdc lines of 
K!l(mtz, in which the limits of fluctuations of barometric 
pressure are equal (a series of which it is not easy to 
see the use), aiid a few others. We shall now pro- 
ceed to consider by what means such knowledge can 
jnost readily and elfi? jJ;uaUy be attained. * 

Determination of Meteorological Averages 
and Co-^h^ents. — The general form into wliich, as we 
have seen, every meteorological quantitative expres- 
sion can b^ thrown, clearly indicates the system of 
o1:)eerYation which ought to be followed, so ^ to lead 
most directly to a knowledge of tbeir mean values. It 
is a well-known property of the sine or cosine of an 
arc, that if the circumference be divided into any 
number, n, of equal p^ts, we sh«dl have, 

Ibj. 4- o) 4* sin. (2 ^ + c) -f ..... sin. (n ^ + c) ^ 0. 



AVERAGES AND OF FLUCTUATION. U3 


Suppose, then, we would ascertain the diurnal mean^ 
a, of any^elemont, E, supposed to be expressible as in 
art 144. Wore we sure that E contained only one 
periodical term, h . sin. {fi + c), it would suffice to make 
a series of observations at intervals of 12 hours, on 
summing up which, as the 4- and — values of this term 
would ‘•destroy eacli other, the sum divided by the 
number would afford the value of a. If an eight-hourly 
intervaW :)0 substituted for a twelve, a like summation 
will eliminate the terms depcndinfj both on ^ and 3 ^ ; 
if a siX'hourly one, those dci)onding on 0, 2 & and 3 
and so on. So far as meteorological computation has 
hitherto been earned, this would appear U) be in most 
cases sufficient, the co-efficients of the successive terms 
diminishing v^apidly. From a simple obsciwation per 
diein, no average can be concluded, except it be mefle 
at such mi hour as experience shews to be that on 
which, the quantity observed has usually its mean 
value, This differs for each element and for each 
locality, and is itself a desirable item of meteorological 
inquiry. ^ 

(151,) Annual means may be obtained summing 
diurnal ones. If the series be incomplete, two courses 
may be followed,, viz,, Isf, By subdividing ^bc year into 
monthly groups, calculating the means for each month 
from the observations recorded, and taking a mean of 
the twelve results; or, 2dly, by striking out days 
corresponding to those deficient at 3- or 4- -monthly 
, intervals from each. ^ ^ 

(152.) The law of fluctuation requires us to know 
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the values of the several constants which enter into 
the periodical terns. To do this efieqtually from a 
series of recorded oh^ervidions, requires the application 
of the ** method of least squares.” If the observations 
be numerous, and made at irtogiilar hours, this is 
attended ^vlth a fngbtfiil amount of calculation; but 
if they form a regular series made at defmitt> hours 
of the day, and eithfer complete, for many days, or 
mpabU of being €on}Qjleti(l by the imertio^f of the 
{tefieipni ob$^rvafw'li^ according io any olhcrncd law 
of prog reman, or in the absence of law, by a 
mean of the adjacent daijs obhervations at homologoits 
hours, notliKig can be* simpler or more expeditious 
tlun the treatment of such a series by least squares, 
so as to give the most probable values of the constants. 
The following practical rule, the investigation of 
which is, wo believe, originally duo to Bessel, wUl give 
thorn: — 

(163.) Suppose wo have such a senes of observations 
at epochs 2 3 . . , . ti ^ dividing any entire period 

lihv^mial intervals, reckoning from and up to the end 
of theplSiifid, or any otlar convenient epoch. Let S^, 
Sg, . * 4 . 8„ oe the sums of the observed values, at 
homonymoi^ epochs, throughout the series. Look 
out, in a table of sines and cosines, for the«eines and 
of 2 converted into degrees at the 

I of 35° per hour for the diurnal, or 30° per month 
ajsnual fluAuation (or their logarithms, if we 
^ , i logarithmicalljr), and call the sines in succession 

md the cosines ^ <^hserving 
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tlij^t ~ 0 tod « 1, Biis done, cojnpul<> thd cjuAto- 

titles ctoj • • • * ^ 7 i» following 

formulae, in which N is tho total number of observations 
at qU the epochs * — 

<5^ ^ (Si + ®a +• • * * SJ 
2 

^*'1 ~ jjr (^1 Si ^2 Sg + . • • . S,() 

Si + ^iSg + . 

ttg- ^ (r, 3, + g, + . . . C 3 „ SJ &c. 

. ..SJ 

and so on. These will be the mo'yt 2 >i*obahh vahm^ 
respectively, of the co-officients m the general expres- 
sion of E under the periodical form, 

E “ ao-fey,*! cos. • sin ^+(/g cos 2 . sin. 2 ^+&c. 

which may then be transformed into 
E sa A -f Bj . sin. + C,) 4* Bg . sin. (2^-1- C*) 4- 

by taldng A cr® ; B = s/a^ + C = 

(154.) In the practical application of t^is formula, 
it is not necessary that the number of the terms of 
which the final result E is to consist, should be pushed 
laither thin necessity or convenience may require, and 
it is a peculiarly valuable property of these expressions, 
that if the approximation be stopped at any one term, 
as, for ingtance, at the tern B^ . sin. (•tf 4- Cj), and the 
co-efiSloionts and Oi be determined accordingly, then 
shatdd it be considered afterwards desirable to carry-' it 
b 
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a term farther, so as to include the next sub-per[od 
expressed by the term . sin. (2 ^ -f C^), it is fiot neces- 
sary to recompute the ^former co-efficients, their values 
remaining unaltered, so that the several sub-periodic 
terms are separately and independently calculable from 
any complete series of observations, just as if the others 
had no existence. And moreover, the constitution of 
the formula is such that any number of complete cycles 
of observation may bc treated as a single (Jjyclo, by 
taking the means of the recorded bbsorvations at 
homonymous epochs, and thus forming from them a 
single cycle. 

(155.) Folr example, supposing wo have a series of 
mca7i mdnihly results, obtained during a series of years, 
for any meteorological element, such as'^temperature, 
and we wish to deduce from them the law of the annual 
fluctuation. In the first place, we take the mean of all 
the results for January as a new January' mean, of 
February for February, and so on, and denoting their 
,eans so obtained their order, by Sj, S^, Sg, . , . . Sjf/ 
H^'WitaWish merely to obtain the most probable mean 
annual tenl^jerature, ?ve use the expression, 

. + + j. ' 

If we would now carry the inquiry one stQ) farther, 
and> determine the amount of fluctuation regarding the ■ 
ctprre of temperature as one of a single undulation, 
n$]^eeting subordinate flexures and sub-periods, wa 
%e .same value of A, and calculate Bj and Ci by 
formula, 
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^ G = (Si S5 — Sy + Sji) . cos. 30° 

+ (Sa - S, - S, + Sjo) . cos* G0° 

— Sg + S12 

6 61 - (81 + 8, - 8, -- 8,,) . sin. 30^ 

^ 4-(S, + S,-Sa-sJ , sin. 60® 

+ S3 — 89 

u 

Bi = s/oHi + hi ; tan. C, = 

And would now go on fartLer to investigate the 
semi-annual sub-period, or tliat de})ending on 2 we 
retain the means of A, Bj, C^, already computed, and 
still using the same sums Si, 3^, &c., go cm to find a^, 
and from them and by the forinula?, 

G = (81 — S3 — 84 + S5 4- — S3 — Sio 4 Sii) 

X cos. GO® 

. -S34S3-S34S13 

6 h, = (Si 4 S3-- 84- S3 4 S, 4 S3 - Sio - Si,) 

X sin. 60® 

tairc, = ^- ^ 

In applying which it will be rememberec’^j of courses, 
that as the means Si, S2, &c., belong to the middle of 
the months, iho values of © corresponding\o them are 
30°, 60° <%c., so that the commencement of the year 
from which © reckons, is, in effect, placed in the middle 
of December. H we reckon the t^me, then, from the 
beginning of January, this amounts to putting © 4 15° 
for ©; or, retaining the same values of the co-elHcient^ 
A, Bj, Bg, &c., increasing Cj by 15°, G2 by 30°, 
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For the third term, the co-efficicnts are still iiM)re 
simple in their expression, viz., 

6 Gfj = — Sg + — Sg + Sg — 4- Sj2 

6Z>, = +S,-S, + S,«S, + S,-S,, 

(156). The application of the fqrmulse is equally 
simple and easy in every other case ; and,*!! facl, such 
is its facility, that it leaves no excuse to meteorologists 
for not reducing thcif observations, and shoulcK'ct as a 
powerful recommendation to induce them, in all cases, 
to conform to its requisitions in arranging this times of 
their observations. * 

(157.) All that depends on regular periodic action 
may be represented in this manner by periodic functions, 
the co-efheients of which, as determined by observations 
for any place, embody the resultant of the mode in 
which the action is propagated to the place! . Each of 
them is therefore, no doubt, inherently a function of 
the latitude and longitude of the place, but one com- 
T^hcated with and db{)endant on the whole geographical 
systSto of the globe, as one of its data — the configura- 
tion of inland, the height and arrangement of its 
mountain eVains, nay, even the depths of its seas and 
the form or their beds ; since all these elements enter 
into the list of causes which determine tho^arrival of 
heat, wind, and moisture at the place. 

(158.) It is the ;task of the practical meteorologist, 
each at his own*station, to famish his quota o^ recorded 
pbserration towards carrying out this great work — a 
task tedious, perhaps, and requiring, like all scientific 
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opi^rations, care in observing and precision of statement, 
but easy in itself, and full of interest at least to such as 
are able and willing to execute the reduction of their 
own observations, and thereby to furnish (so to speak) 
not merely a lump of material rude from the quarry, but 
a stone hewn and squared on the spot, and ready to take 
its fitting pj^icointhe general edifice. Having fixed on 
the range and scope of his observations, the instruments 
whosPindications he proposes to record, and the hours 
at wliich his personal convenience, and the dej^endable 
means at his command will enable him to record them, 
all he has to do is to pay scrirg^ulous artontion to obviate 
evertlxing which may tend to derange the Jldjustment of 
his instruments, or affect the fairness of their exposure 
— to read thbm off accurately, and register the readings 
faithfully, and to adhere precisely to system in theii" 
reduction? It should be remembered, however, that net 
series of observations can be considered of any value lor 
the determination of the diurnal co-efficients in which 
the twenty-four hours are not e<gually divided by 
epochs of observation, and of comparatively httlo if they 
bo fewer than four in number ; the most advantageous 
hours for which, generally speaking, wilj he found to 
be 3 h. and 9 h. a. m. and p.m., or 4 h. a3d 10 h. a. m. 
and P.M.* should the liabits of the observer render the‘ 
3 h. A.M. observation very irksome. 

(159.) To those observers, however, whose means 
"wrill allqw them to avail themselvesi of the resources 
which modern art affords, the principles of photographic 
and mechanical self-registry, which have of late been 
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applied to all the nior>t important instruments, affords 
an alleviation of all tlio tedium of personal attendance, 
and supplies what persdnxil observation never can do 
— an unbroken record of the march of each instrument 
during the night as well as the day. On the occasion 
of a reward of £500, offered in 184G by tbe Lords 
Commissioners of the Admiralty, for the discovery of 
an avmlable application of photography for such pur- 
poses, two systems of • procedure were devisM and 
carried into effect by ^r. Erooko and Mr. Eonalds, the 
one at the Royal Observatory at Greenwich, the other 
at the observatory of tlio British Association at Kew, 
both of whidh have been found perfectly adequate to 
the object, not only of meteorological, but of magnetic 
self-registry. Without going into nunutilb (which the 
reader will find stated for the former system in the 
Introduction lo the Greenwich Observations •for 1847, 
and for tlie. other in tliree papers published in the 
Transactions of the Royal Society for 1847), wo may 
sMe the general prfticiple of Mr. Brooke’s method in 
f6wm)rds, as follows : — Paper being prepared sufficiently 
i^ensitive to Receive an impression from the light of an 
argand or caniphine lamp by night, and the reflected 
light of the fiftcy by day, is stretched between two rollers, 
^ as to be wound on one and unwound from tbe other 
uniformly by clock-work, receiving, as it travels, punc- 
tures or marks made^on it by an appropriate mechanism, 
at equal intervak of time, suppose hourly, an^ which, 
therefore, convert the space travelled over into a scale 
oi time capable of being read off by a scale of equal 
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pftfts, if necessary. Tire direction of the motion of the 
paper is perpendicular to that in which the indicating 
point of the instrument to he registered moves, whether 
that be the end of a column of mercury rising and fall- 
ing (as in the stem of a thermometer, or in the tube of 
a barometer), on an index arm, capable of carrying a 
screen pieraod with a hole to transhiit a small pencil of 
light. If the former, the light is so arranged that onhj 
' the Meant part of tlie stein of tube above the mercury 
shall allow a free passage for it to reach the paper, the 
shadow of the mercury cutting olf all below. If the 
latter, the whole paper is ^liaded except that point 
which happens at each instant to he bctiind the hole. 
In the one case, the boundary of light and shadow is 
marked by a curve terminating the continuous photo- 
graphic impression formed by the unrolling of the paper'; 
in the other, the impression itself takes the form of a 
curve line, of which the ordinate indicates the reading 
of the instrument at the moment of time indicated by 
the abscissa. To facilitate the ii!lbsefj[uent reading olf 
of these curves, the graduation of the scale (in the case 
of the thermometer), is marked on the ^aper by the 
shadows of wires earned across the stem jp each degree. 
In Mr. Ronalds* second or improved nxetnod, deecrihod 
in the tfiird of the papers ahovo cited, an imago of the 
index point, terminal line of mercury, or other object 
which defines the reading of the instrument, is formed 
by an achromatic lens on the moving paper. One or 
other of these systems of self-registry, or some equiva- 
lent one, is, or ought to be, adopted wherever mefiioro- 
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logical o*bsGrvation is caried on as a part of the regular 
business of a public establishment. Taken in conjunction 
with the mechanical self* registry of the anemometer, and 
with that by which the rain-gauge is made to empty 
itself whenever a definite quantity of rain is collected, 
and to record the number of such emptyings, and the 
weight of water it contains at each hour, the sys^em of 
self-registry may bo regarded as complete. 

(160.) Tor the sp^cihl reductions which eacif kind 
of instrument requires, the nature of its adjustments, 
and the j^recautions to be observed in its use, we must 
refer the reader to the des(;;Tiptions of the several instru- 
anents in other parts of this work* under their proper 
heads ; to the Admiralty Manual of Scientific Ini^uiry 
already referred to, and the report of the iJoyal Society 
on the occasion of Captain Eoss^ Antarctic Exx)edition 
in 1840 ; and to the former of these separate works for 
a detail of the particulars ’which a complete meteoro- 
logical register ought to embrace, and the most conve- 
nient and advantageous form of statement it admits. 

Op the DiS'lteiBUTjoN op Baeometrio Pressure, and 
ilfic Periodical Fluctuations, 

(161.) The mean barometric pressure on &y place 
is of course dependent on its height above the sea 
level, so that each locality has corresponding to it 
a certain individual correction or reduction* to the 

♦ This refers to the Erwyclopcsdia Bnirntma^ in which this 
Esaaj originally appeared. 
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s(*a »lcvel, which affects equally all its barometriri 
obsijrvatious. Wlien the level of tho place is tri- 
gonoiuotrically ascertained, tlie mean temperature of 
tho station being known, this reduction may be 
exactly computed; and wore it a fact that the mean 
bfirometric pressure at the sea level were everywhere 
tho same, the^icight of every place might be determined 
fiom the mean height^ of the barometer as given by 
observation. This, ho we vet;, is Aot^thc case. We have 
already seen (art. 54) that in the open ocean the 
pressure diniinish(*s on approaching tho equator from 
either side, as well as the reason for this diminution. 
But this is not all. The atmosphere is not in a state 
of stati(‘al equilibrium, Jior arc* the forms of its strata 
of equal deiisity identical (as they would bo in that 
case) with tho ellipsoids of equal level, for tho very 
obvious re'ason, that the surface of a fluid in motion 
(even when unagitated by waves), is not necessarily and 
in all cases that of tho same fluid at rovst. The surface 
of a river, though smooth, is not if horizontal, but an 
inclined plane. That of a swift stream with an unequal 
bottom is not a plane at all, but a surface of ridges and 
depressions, fixed in place and permancnflin fo^m, as 
is seen in tho familiar case of tho ripple caused by a 
smooth round stone at some depth below the surface ; 
heiico wo might be prepared to expect great diffcren(‘es 
between the surfaces of equal level g-nd of equal density 
in the interior of extensive continents, *wliero tho atino- 
fipherc, swept en masse from the sea, up the gradual 
slope of the land surface, is lifted with all its stsate 
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preserving their relative hearings on each other:,, the 
extent of elevated country on all sides tending to pre- 
vent lateral overHow. ^ Under such circumstances there 
may, or rather must, exist great discordances between 
the trigonometric and barometric determinations of 
altitudes (the only form in which the cause in question 
can make its appearance), and wliich, it raa^r be remarked 
generally, go to render all barpmetric determinations 
uncertain in windy wefdhe^. 

(162.) What may not, however, be so obvious, or 
rather what, when first proposed, appears quite para- 
doxical, is that, even in the open ocean, there exist 
extensive tracts in which a permanent depression of 
the barometer to the enonnous extent of an inch and 
upwards (equivalent to an elevation of SCO feet above 
the sea level), is found to prevail. Such a tract is the 
whole extent of the Antarctic Ocean, from* 63° to 74° 
8. lat., and 8° to 7° W. long, as ascertained by Sir 
James C. Eoss {Voyaijo of the Erehus and Terror^ ii. 
376, 385); and a ctgresponding depression, though not 
to so great an extent, appears, by the observations of 
Eimann, to exist in the region nearly diametrically 
opposite, ai|)ut the Sea of Ochotzk, and in the interior 
of the AsiaSe continent of that noigbbouriiood. 

(163.) It is impossible not to perceive,* in these 
singular phenomena, at least a prima facie evidence of 
the existence of what must be regarded as a fixed 
system of ripple* in the general atmosphere, caused by 
the great system of circulation in both hemispheres of 
the trades and anti-trades reacting on the general mass 
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of t^e continents as obstacli^s in their path, and depen- 
dent for their depths and limiting forms on the con- 
figuration of the surface of the land. ■ The progresshe 
change of mean atmospheric pressure at sea, in pro- 
ceeding from the equator southwards, is stated by Sir 
J. Boss as follows : — 


Lat South. 

Mean Prc>s^re 

o 

o 

o 

29 074 

ID 0 

30 016 

22 17 

30.0H5 

U 48 

30.023 

42 53 

29.950 

45 0 

29 664 

49 8 

29.469 


Lat. South. 

Moon Pressure 

51^ 


29.497 

5i 

26 

29 347 

55 

52 

29.300 

60 

0 

* 29.114 * 


0 

29 078 

74 

0 

28.928 


(164.) For northern latitudes, the results hitherto col- 
lected run Tery irregularly. Meteorologically, however, 
this is not a cause [in so far as it can bo taken as an 
account of the whole of the phenomena in question 
{inde § 171)], which would appear jio be productive of 
any marked train of consequences. And in relation to 
the matter at present in hand, it goes only tq show, that 
the first term of the periodic function ex pressing the 
barometric pressure is not an absolute constant, even for 
the ocean f but that it has to be tabulated and worked 
but by local observation into a system of isobaromotric 
lines, carried indifferently over both^sea and land, and, 
as regard^ the latter, distinct from ihe level lines. 
We are far, indeed, from any approach to the con- 
struction of such a system. 
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(165.) The periodic fiiptuaiions of tbe barometer 
are annual and diurnal. The consideration of the 
former will enable ua^to form a neater conception of 
the mode in which the latter arise. When it is sum- 
mer in one hemisphere it is winter in the other. Hence 
(See art. 78), the air generally incumbent on the heated 
hemisphere is dilated, and expands bothfUpwafds and 
laterally, not only by its own incr^Tased elasticity but 
also by the increased production of vapour. It there- 
fore not only encroaches on the other hemisphere by 
lateral extension, but what is far more influential, Hows 
over upon it. In order to perceive clearly the nature 
of the prodbss, we must separate in idea the aqueous 
and aerial constituents of the portion of atmosphere so 
transferred. The generation of the foriiier goes on in 
the heated hemisphere, and replaces, in part at least, 
the loss of pressure arising from the transfer of air, 
whilo in the other the excess of vapour so introduced is 
constantly undergoing precipitation, and is thus con- ‘ 
tinually being witl«,lrawn from the total mass, leaving 
behind it, however, to accumulate, the dry air which 
accompanied it. Thus, if we regard the total barometric 
pressure as jfcubdivided into that of tho dry air and of the 
aqueous vapour, and denote the former by P, Ibe latter 
by V, we see that the dry pressure P is dinllnishod in 
the hot, and increased in the cold hemisphere, without* 
any countervaiUng^ action, while V is in process of 
increase from bslow by evaporation, and of ^toinution 
from above by overflow, in the former : and 'Oim vmd 
inJiho latter. If, then, tho observed barometric pres- 
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sure* at every point in either hemisphere be analysed 
by calculation into its two constituents, by taking 
account of the hygromotric state of the atmosphere, 
and subtracting from the total pressure P -h V the 
portion V due to the amount of vapour present, the 
remainders ought to exhibit, as a general result, an 
excess of.dry«pressure P in the winter hemisphere over 
that in the summer.* 

(1^,) So' far as observation ^las hitherto gone, this 
result is perfectly corroborated, though unfortunately 
there are not yet accumulated sufficiently numerous 
and extensive series of observations in -which the effects 
of the aqueous pressure can be duly separated from the 
dry. As examples, we shall select the series for the 
Indian stations, Calcutta, Benares, Seringapatam, and 
Poonah, calculated by Dove from the observations of 
Prinsep^ Sf)armann and Colonel Sykes, as compared 
■with that at Apenrade from those of Ncuber, and with 
the results obtained at the Meteorological Observatories 
of Prague, Toronto, and Hobart Tq^, v.d.l. 


, 

stations. 

P, rnEsaURE or dby air 

V, PRESS DBF 01’ VAPODE. 

Max, in 

Min. in 

Diflcr. 

Max. ill 

jy'in. In 

Differ 

• 

Calcutta 

Jan. 

July 

indies. 

1.019 

Aug. 

Jan. 

inches 

0,551 ' 

Benares 

Dec. 

July 

1.244 

July 

Dec. 

0.646 

Seriu^apatam 
Peonan 

Jan. 

Juno 

0.455 

May 

Jan. 

0.217 

Dec. 

June 

0.760 

.July 

Dec, 

0.435 

Aponrade 

Prague 

Feb, 

July 

0.4^ 

Ju^ 

Jan. 

0.346 

Dec. 

July 

o.m 

July 

Jan. 

0,285 

Toronto,../..... 

Dec. 

! July 

0.271 

Aug. 

Feb. 

0.380 

Hobart I'owu 

July 

Kov., 

! 0.218 

Feb. 

r- 

July 

' 0.125 

• 
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These differences are large [quantities ; but we see ,that 
as the maxima of P correspond in }>oint of tim(3 with 
the minima of V, it is only their differences wL. 
constitute the total or observed annual fluctuation 
barometric pressure. 

(1G7.) Since, as observed (art. 165), the nnni} 
fluctuation of V is the result of an cxcgss of* 
over expense in one hemisplie^^ iffll of expense ov 
supply in the other, it^may^^ory well happen th'it the. 
annual fluctuation o? V in cerf-ahi localities may exci.cd 
that of and being in a contrary direction, may eitlnu' 
neutralize the fluctuation of the gross pressure P V, 
or convert It into one of an opposite character. This, 
however, is hut rarely the cav^^c, and whore instances o' 
it do occur, as at fSta. Pc do Pogota, 2lnd Eangalori* 
(KdrntZy ii. 299), they are for the most part readily 
enough accoimted for by ibo influence oP locfil pecu* 
liaiities, 

(168,) If we consider that in general tlie values oi 
P and V, regarded ^id(ij)endently, fluctuate in opposit 
dhections, and hence ibo maximum of the one corrt^s- 
ponds, or nearly so, in epoch with the minimum of tlio 
other, we shall easily .see that, representing P by 

* I 

‘P A + B . sin. (0 + C)-f B' . sin. (2 0 + +&c. 

we shall have, at least approximately, for Y an expres-' 

sion stich as, 

* • 

V -«+/3. sin. (fe+C+180“)+/3'. sin. {2e-^y')-\-Sic. 
valne of C in tlie tenn 0 differing by 180®, while 
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tliosc ill other tcrins (C^, y C'', y \ &c.) may or may 
not stand to each other in a Similar relation — the only 
condition being, that they shall be such as to render 
ihv, co-etlicients B, B', jS, &c., all positive. Tlit* 
gross pressure P + V, then, will come to be expressed 
by ^ form, 

r Y -- (A*-P a] -f (B ~ /3) . sin. (0 + C) + M . sin. 

(2 0 + N) -f . sin. ( 3 0 -f N') + Ac., 

since B' . sin. (2 ©H-C')-!-/? . sin. {ie + y) may always 
bo reduced to the form, 

M . sin. (2 0 -t N), Ac. 

(169.) Thus wo see that the tendency of the cotem- 
poniiy action of the two elements composing the gross 
pressure is, U‘if, to produce a mean annual pressure 
(A “f a) equal to the sum of tlio separate pressures ; 
2 Ui/, to subdue the influence of the term depending on 
by reason of the opposition of signs airecting B and 
13 In the joint co efficient B — ami thus, ddlij, to give 
a crcjater coinpuratire influence to tlie terms depending 
‘n 2 o, 3 0 , Ac. Now it will be observed that a series 
^ ’hus constituted, of sines of 0 , 2 0 , Ac., when made to 
■•’Uii through its whole period by varying 0 froni 0 to 
‘h30°, wili4iav’' only a single niaximum and ininiiuum 
when the eo«otii^iont of sin. (e + C) is large in cumi)a- 
rison with those of the other sines, but when the 
contrary is the case, a double, or eve^i triple or mul- 
tiple maximum and minimum may result from such 
uiutual relations among the co-efficients as may v§ry 



Qoonr. . prittcijw terns nearly neutralizing 
eaih otiietby their mutual opposition, leave the general 
,<!jniiaeter of the law of- periodicity of the compound 
'«jPtet to he decided by the relations Mer se ot the 
subordinate ones, and thus is explained, mthout prep- 
‘ dice to the general reasoning in art. 77, 78 (wluch 

- remains true as regards the form of the ^tmoSphore as 
disturbed by the sun’s action), fact, wHch appeam 
on first sight in opposition b ‘that conclusion, Uat the 
annual oscillation *of the gross barometne pressure 
presents in a great many localities the phenomenon ot 
a double maximum, or even a still more complex cha- 
racter. Tans, in Paris, to take a single instance, from a 
mean of eleven years’ ohservations (1816-1826), tbe 

- 'total pressure oxldbits two maxima in-Januaiy and ni 
.July, tlie former being highest, and two minima in 
4pril and October, the latter being the lowest {Kdmfz, 

V;, (170.) The great length of time m which the cHi- 
' cient causes are acting in one direction, to produce the 
annual oscillatiou in question, admits of a very con- 
uiderahle fraction of the atmosphere to he transferred 
i- frdm hemfephero to hemisphere, and to allow a range 
' ; . ia'ihe talues of P, for instance, to the large extent (as 
«e haye seen in the case of Benares) of ne^ly an inch 
^ ' fc hi mercury, partially neutralized by h 

" ion df HKJre than half an inch of aqueous vapour, 
jj aare JjroBglit out iuto ^tpiuiuenoe, in 
loug*^outiBued\ action of tho 
instance of 
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ilie ^annual o«<cillation, wci^are led to ati easy imdet^ 
standing of tho perfectly analogous phenomena in the 
diurnal oscillations (or, as they lihvo sometimes though 
in ^ fact improperly been called, "atmospheric tides 
vvliicli have a good deal jierplexcd nicteoiologists, but 
whoso analysis, into what wo have for convenience 
calL'd wet aivi dry pre-^sure, has hapjnly lioeii suggested 
by ]\r. Povo as ahojdmg a rational explanation. 

(ITI.) To simplify Aa (orrtqjjiion of the diurnal 
tiseillation, we will suppose the sun to have no declina- 
tion, but to remain constantly veitic<il over thej[j<:|uaior. 
Tho surface of the globe wiJJ then bo divid<‘d into 
day and a night hemisphere, separated by a great circle 
passing thiougli the poles, comcidorit with the momen- 
tary horizon, and revolving with the sun from east to 
west in twenty-four hours. The contrast of the two 
hemispheres, both in respect of lieai and evaporation, 
in this case will evidently be mueh greater than in that 
of art. 165, and therefovo the dynamical cause, the 
motive force, transferring both air nfcd vajiour from the 
one to the other, will be 'much greater. But on the 
other hand, much less time is afforded for this power to 
work out its full ^IToct, and long before this .can be 
a( coniplished for any locality, the circumstances are 
reversed, aftd a contrary action commences, Tho Canses, 
then, and the mode of their agency, are perfectly analo- 
gous, in the production, whether of th^ annual or diurnal 
oscillation ^ but in tho former, the feebler acting cause 
is aided by the very much greater length of the period ; 
in tho latter, -its superior intensity is in ^eat measure 
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neutralized by the frequent of its reversal. Tbe;re is 
another consideration, moreover, which cannot bo with- 
out a great effect in establishing a distinction between 
the two cases. By far the larger portion of the land is 
distributed over the northern hemisphere, and of the 
water over the southern. The fonner is more uniformly 
terrene, the latter more uniformly aquatic ; and as, 
under the circumstances now c®*'!i^id6red, the transfer 
of air does not take^nlate in^t^iio direction of meridians, 
hut at right angles (mainly) to their direction, we 
should^ be led to expect that the amount of counter- 
action in the diurnal fluctuations of the dry pressure 
by those of the wet v, would be, generally speaking, 
very different in the two hemispheres, and that there- 
fore the extent of fluctuation in the 'gross pressure 
p 4* would, generally speaking, present a corresponding 
difference. A sufficient amount of observation has not 
yet been accumulated to bring this conclusion to the 
test of experience ; but we cannot help remarking that 
the very same caus§(the excess of water in the southern 
hemisphere), acting according to the difference of condi- 
tions, ought, in the case of the annual oscillation, to 
result in an average uncompensated action on the dry 
air, urging it towards the northern hemisphere, and to 
its replacement, bulk for bulk, by vapour, vftiich being 
lighter than air, [is assuredly one, and it may be the 
most efficient] of « the causes of the generally lower 
atmospheric p:^8sure over the Southern » Ocean — a 
certain percentage of the due proportion of dry air 
being. p^rmaMntly driven out and prevented from 
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returning by the constant outflow of vapour. See § 
164. '* 

(172.) It ought to be observed, that the oscillations 
in question are only in appearance analogous to those 
of the oceanic tides. In the latter, the tide wave is 
merely a circulating form without any [bodily transfer 
to any^reat (jistanco]. The sun’s heating action on the 
atmosphere is neft Oxi'^ which, destroying a portion of its 
gravit)^, tends to alter its form'of ^equilibrium, but one 
which, leaving its gravity unaltered, tends to throw its 
strata by their dilatation, and by the introduc^on of 
vapour from below, into forms incompatible with 
equilibrium, and therefore necessarily productive df 
lateral movements. When aneinometry is further per- 
fected, we may expect to trace the influence of this 
chain of causation into a morning and evening tendency 
of the wind (on a long average of observation), to draw 
towards the points of simrise and sunset, to compensate 
the overflow from off the heated hemisphere, which 
takes place aloft in the contrary dijbetion. 

(173.) T/ie diurnal oscillation of the barometer is a 
I)henomenon which invariably makes its appearance in 
every part of the world wliere the alternation of day 
and night exists, on reducing any considerable series of 
hourly observations, though in cxtra-tropical latitudes 
it is for the most part so overlaid by casual variations 
as not to be remarked in a single On the other 
hand, between the tropics, and especially in the equa- 
torial regions, its regularity of progress is most striking. 
Thus Colonel Sykes remarks (PhiL TroTfs.. 
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ainotJg many thousand observations taken personally by 
himself on the plateau of (he Deccan (1825-30), there 
wm not a solitary instancG in which the barometer was 
not higher at 9-10 a.m. than at sunrise, and lower at 
4-5 p.M. than at 9-10 a.m., whatever the state of the 
-weather, &:c., might be. Humboldt also observes 
(tom. i. p. 308): — this regularity is sucli thatfin the 
daytime especially, we may infey^the hour from the 
height of the column of mercufy without being il^*error 
on an average mor(‘, than J5 or 17 min. In the torrid 
zone of the New Continent 1 have found the regularity 
of this ebb and how of the aerial ocean nndisturht^d 
either by sVorm, tempest, rain, or earthquake, both on 
the coasts and at elevations of nearly 13,000 English 
feet above the level of the sea. The ambunt of horary 
oscillation decreases from the equator to 70^ N. lat., 
where we have very accurate observation^ made by 
lhavais at llosekop, from 0.117 in. to 0*016 in.’^ 
Within tlic Aj*ctic Circle however, the diurnal, for very 
obvious reasons, di,es out, or rather merges in the 
annual oscillation. 

(174.) Generally speaking, the diurnal oscillation 
presents the pli^^nom.enon of a double maximum. Th(3 
epochs of the maxima are about 9 li. or 9 J h. a.m.,' and 
101 L or lOJ'- h. r.M., and the minima at 4 Sr. or 4|h. 
i \ u , and 4 h. a.m. The fact that the barometer fe- 
(][uently, b(>iji in ^ummor^and in winter, stands higb(3r 
in the cold mornings and evenings than in tjie warmer 
midday,^' seems to have been first made matter of 
remmi by Dn Beale in 1666- In 1682, Messrs. Des 
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and Do Glos observed^thai at Goree the barometer 
was usually lowest when the thermometer was highest, 
that it stood higher by night than by day, and that the 
dilily depression (between the morning, and evening 
maxima) exceeded the nightly. At Surinam the same 
phenonjenou was noticed by an anonymous observer,' 
and distinctly described in 1722. Towards the middle* 
of the last century (ir35-61), its existence at Quito, in 
the Antilles, in India, and at ^ta# Fe de. Eigota, nns 
sfivorally established by Godin. The ohsijrvaiions of 
Humboldt as to the extreme regularity of 
sion in equatorial America ar© corroborated l^y those of 
Golouel Wright in Ceylon. That the double maximum 
and minimum yf its march really originates in almost 
all cases in the manner above explained, by the aj)- 
proximat(^ destruction of the second term in the series 

(A + O') + (B — h ) . sin. (d 4 - C) + /3 . sin. (2 ^4- 7 ) 4 - A c. 

owing to the opposite march of the dry and wet ele- 
ments of the total pressure, has bec^ put out of doubt 
by the calculations of Dove. Yet tliert^ are localities, 
as for instance at Bombay, in wliich oven in the ex- 
pression of the co-ofheient of the second term is so 
small in comparison with the others as to give rise 
to the appearance of a double maximum in the dry 
^pressure itself, and the mode in which this is accom- 
plished is evidently referable to the* more comjdicated 
local relations which arise from the jiixta-position*<'f 
land and sea under exaggerated circumstances of tem- 
perature and radiation, giving rise to alternating sea 
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and land breezes — one mi^imntn of the dry pressure 
being found to coincide with the greatest strength of 
the sea breeze, the other with that of the land breeze, 
and the maxima with the minima of force of the 
wind. 

(175.) If we regard oidy the gross pressure 
the following tabfe will exhibit the amount of its daily 
fluctuations above and below the mean value, as deduced 
from the calculation:, of Kamtz (ii. 254, &c.) — 



Latitude. 

Morning 

Mm. 

Forenoon 

Max. 

Afternoon 

Mm- 

Evening 

Max 

Atlantic Ocoan 

0' 

.in. 

-0.056 

in. 

+0.069 

in. 

-0.045 

lU. 

+0.045 

Pacific Ocean 

0 0 

-0.032 

0.040 

0.045 

0.028 

Payta 

6 6 S. 

+0.004 

0.051 

0.082 

0.050 

Sierra Leone 

8 30 N. 

-0.022 

0.032 

0.038 

0.031 

Oumana 

10 28 N. 

0.022 

0.043 

0.050 

0.037 

Guayra 

10 30' N. 

0,023 

0.054 

0.048 

0.020 

Callao 

12 3 S. 

0.038 

0.045 

0.044 

0.035 

Lima i 

12 3 S. 

0.071 

, 0.065 

0.067 

0.050 

Pacific Ocean 

16 0 S. 

0.021 

0.040 

0.040 

0.028 

Otalieito 

17 21 S. 

0.036 

0.052 

0.030 

•0.018 

Pacific Ocean 

18 0 N. 

0.020 

0.034 

0.044 

0.027 

Calcutta. 

22 35 N. 

0.017 

0.052 

0.038 

0.018 

Bio Janeiro 

22 54 S. 

0 036 

0.040 

0.040 

' 0.030 

Cairo * 

30 2 N. 

0.008 

0.035 

0.056 

0.030 

Padua 

45 24 N. 

0.004 

0.012 

0.014 

0.007 

Munich 

48 8 N. 

0.011 

0.01 1 

0.008 

0.000 

Halle 

61 29 N. 

0.006 

0.013 

0.012 

0 005 

Abo 

60 67 N. 

0.009 

0.002 

0.(Ji)5 

0.008 




(if 6.) As examples of the application of the general 
form of expression in cosines of the eun^s^hour angle 
from noon, we shall subjoin only the values obtained 
by Kamti? the method of least* squares from the 
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whole series of observations recorded for three of the 
above localities, viz., Paytal^ Callao, and Padua. 

For Payta. 

jp + «; = 29”- *840 + 0‘“- -0.50 sin. (« + 203° 2') 

+ 0“- ’037 sin. (2 6 + 153° 43'). 

Fot Call JO. 

^ + 1 ) = 29*“- ;824 + 0'“- -099 sin. (tf + 180° 59') 

• +0*“- -OaCsin. (2tf+J71° 6'). 

• 

Tor Padua. 

2 \+ V ~ 29*”- *797 + 0™- *005 siu. (^+ 183^ 

0^*^- *010 sin. (2 ^ +^35° 59> 

» 

(177.) The stations in the foregoing table are (except 
in the cases irf Munich, Halle, and Abo), at the sea 
level. On mountain stations, or at least on such as 
line abruptly from that level, or from an extensive 
plain, there exists a cause of diurnal oscillation in the 
barometric pressure of quite a different nature from 
that above considered. The whole vertical column of 
air, from the sea level to ^the top of the atmosphere, 
being dilated by the increase of diurnal temperature, it 
is evident that in the hotter portion of the twenty-four 
hours, a certain portion of the air below the cistern of 
the barometer must be lifted above it, and vice versd for 
' the c(^lder. The actual weight of air incumbent on the 
mercury at a fixed altitude above the sea level must thus 
be alternately varied in excess and defect of its mean 
amount, and the mercurial column balancing it must 
rise and fall accordingly. The effect of this cause 
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(whoso action is explained in art. 77, a), is easily ^cal- 
culable for any given elevation and diurnal cliange of 
temperature. Supposing that of tlie whole aerial 
column betweim the sea and the station uniform, and 
equal to the mean of the uj^per and lower, it is caelly 
shewn that the clfect in question will attain its maxi- 
innni value at an altitude whe3re the baromt^ric pfessuro 
is one 2 ’7 18^^81 8th of that at the -'sea level, 

11 ^“**03, corresponding *to about 26,100 feet, a»J at 
this height the total (Tiurnal fluctuation due to a chaiig(‘ 
of temperature of 30° Eahr. would amount to the very 
'"conSKrerabie quantity O^'^' *672. The effect at inferior 
elevations fbr 10° of diurnal oscillation of temperature 
is calculated in the following table : — 


in 

Diurnal 
Osrj nation 
for 10” F. 

Alt. in 
Feet. 

Uinmal 
OscUljit’on 
for lO: F 

Alt ill 
Feet. 

Dinmal 
, Oaeillation 
l’<ir 10” F 

1 

1000 

inches 

0,022 

' 

6000 

iiiche.s. 

0.11 J 

11.000 

inohos 

0.168 

2000 

0.043 

7(K)0 

0.J25 

12.000 

0.176 

SOOl) ! 

0.002 

.8^*00 

0.137 

13.000 

0.184 

4000 1 

0.080 

9000 

0.148 

14.000 

0.191 

5000 ! 

0.096 

lOUOO 

0.159 

15,000 

0.197 


These quantities, when increased in the ratio of the 
actual diurnal changes of temperature, are qiftite large 
enough at any considerable elevation to overlay and 
mask the real diurnal oscillation, and ought therefore 
to be applied as a reduction to tlio sea level, jvhenever 
local circumstances are such as to render such reduction 
safe.and possible, Tvhiclx is seldom the case. We cannot 
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therefore help recoinniendiiig the special investigation 
of the laws of diurnal iluct*ation at considerable alti- 
tudes^by direct observation, and as compared with 
those at the nearest sea level J to the attention of 
meteorologists, as a matter hitherto somewhat unduly 
neglectod- 


Diurnal and Annual Fluctuations or Tempekatiti{e, 

AND CLiaiATOLOGICAL DiSTRIPiJTJON OF HUAT. 

(178.) We luive seen (arts. 11, 107) that moisture 
in the form of visible clouds, or even in that 
divided, yet unevaporated, state which is sufficient to 
injure the transparency of the atmosphere, and wliich 
must bo confAsed to belong to the yet unresolved 
problems of meteoiology, produces absorption of the 
sun’s rays,' and the conversion of sensible into latent 
heat. , The diurnal march of temperature, then, in the 
general atpiosphere is intimately connected with its 
hygrometric state, and especially jAntli its degree of 
relatim dryness, /. e,, its more or less near approxiina- 

to a state of saturation. And for the same reason 
that the heat of the day is mitigated by the evaj^ra- 
tion of the diffused moisture^ so is also the cold of night 
by its d(5)osition, and helico arises a phenomenon of 
Very goniu’al prevalence, viz., that the diiforcnce hetwetm 
the daily and nightly extremes of ^temperature, or the 
extent of^ts diurnal fluctuations, is greater in summer 
than in the winter, or rather to speak more generally, 
and in language applicable alike to inter and e^jitra 
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tropical localities, in those seasons where the air is 
relatively drier or moisters In fact, it is evident that 
when the air is relatively dry, evaporation during the 
day is more active, and a larger portion of the incident 
heat becomes latent. On the other hand, as it is 
necessarily the dew-point which limits (at least approxi- 
mately) the temperature of the lowest strq^um o¥ air at 
night (see art. 45), since in the act of ^Condensation the 
vapour gives out its laU>nt heat, and therefore s(^long 
as the supply is confimied prevents its further depres- 
sion; the farther removed from saturation the air is, 
greater depression can be effected by radiation 
before that limit is reached. The near coincidence of 
the dew point with the lowest nightly temperature, at 
every season of tho year, has been sheWn by Anderson 
from observations made at Kinfauns Castle during the 
year 1815, and the calculations of Kiimtz^sbew that 
the difference between the daily extremes of tempera- 
ture is universally greatest in those unonths pf the year 
when the relative d'^yness of the air is tho greatest. 

(179.) In India, again, where^ properly speaking, 
there cannot be said to exist a winter, the moist and 
cloudy season is that in which the least diurnal fluctu- 
ation of temperature occurs — a circumstance sufficient 
of itself to shew that it is not merely to the difference 
in tho lengths of day and night, or to the low altitude’ 
of tho sun in winter that the phenomenon in higher 
latitudes must he attributed, since between tJie tropics 
these causes can have but httle influence* The east 
and west coasts of Ceylon exhibit in this respect a 
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pointed contrast. At Colombo, on the western side of 
the island, the least diurhal change of temperature 
talvfis place in July, and the greatest in January, the 
rainy season being that of the S.W. monsoon, when the 
sun is north of the equator ; while at Trincomalee, on 
the eastern side, the reversed conditions as to moisture 
obtain* accompanied with a corresponding reversal in 
the extremes of'temperature. 

^i80.) The unTormity of temperature which prevails 
at sea, and the greater general uniformity of an insular 
as contrasted with a continental climate, has already 
booh noticed (art. 40), and^is at least partly referable 
to the same cause, viz., the alternate edn version of 
sensible into latent heat, and vice versa, by the evapo- 
ration and condensation of moisture disseminated 
through the atmosphere during day and night, in 
addition T;o the causes there enumerated. In conse- 
quence, in the neighbourhood of the sea, on an average 
of the whole year, the twenty-four hours are unequally 
divided into the hotter and thejjolder portions; that 
is to say, those in which the temperature is above, and 
in which below the mean — the comparative shortness 
of the hotter portion being compensated by a greater 
absolute elevation of temperature, and the length of 
the col(lfer by a less absolute depression. 

(181.) The foregoing considerations sufficiently shew 
how vain would be any attempt Jo conclude even an 
average .of the progression of daily temperature, a 
'priori; setting out with a knowledge of the declination 
of the sun and the latitude of the place, and thence 
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calculating tho amount of heat received even in a^caltn 
atmospliere. Observation 'only can lead to any just 
conclusion, and the general ^process indicated in art. 
150 must be resorted to, leaving to subsequent theo- 
retical enquiry the difficult (indeed at present inipnic- 
ticablc) task of assigning to direct solar and terrestrial 
radiation, moisture, and wijid, their share in proclucing 
the final result. As instances, however*, of tho kind of 
results which are attainable in this direction, we Shall 
here sot down the formulae for the mean diurnal tem- 
perature, calculated by Kamtz from the hourly ohser- 
' vOToiir* oT''‘Chiminello at Padua, and those instituted 
by Sir DavW lirewster, at Fort Leith, near Edinburgh, 
^dz., for Padua — 

t - 56^75 -f 4^79 sin. (^+51^47') + V.OO sin. (2 0 + 
GCA3:V) + 0\22 sui. (3 0 + 233”) 

« 

and for Fort Leith— 

t = 48’.24 + 3".03 Kin. (tf + 44". 4 3') + 0". 43 win. (2 <) 
+ 44".43') + p". 14 . sin. (3 0 + 173".l 1'). 

(182.) It is a matter of much importance, in oases 
where a complete and continued series of meteorological 
observations cannot be obtained, and in sea voyages, 
where no lengthened stay is made at any one place, to 
ascertain the mean temperature api)roximately ftom the 
least possible number of observations. This may be 
acco^nplisbcd in different ways, viz.— Isf, By taking 
care to observe at those hours, or one of them, in which 
tile temperature is habitually, exactly or very near its 
nioai^ through the twenty-four hours, or at such hours 
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ns shall have tlie mean of their temperatures very 
nearly coincident with thaii of the day. vSuch hours 
are .4 a.m. and 4 p.m., or more conveniently 10 a.m. 
and 10 P.M. If 'four observations per diem can ho 
made, these four epochs should bo chosen in preference. 
2dlii, Ey taking the mean of the maximum and niini- 
niuni l?)r th (4 mean temperature. This, however, is a 
coarse arid rude cif^proximation, ns is obvious on consi- 
dering what lias l^en above stated, art. 180, as to the 
gr(;ater length of time tiuring wliich, at stations ncai* 
the sea, and still ’more at sea, the temperature ranges 
below the mean than above it. Kaintz recommends 
(IVoin a discussion of the observations at I^adua and 
Port Leith above mentioned) to employ the fonnula 

m> 4- ™3!'?:(5-07 6 + x) 

» 00 

wliere x is*a variable co-efficient, fluctuating from 0'366 
in December to 0'»5G0 in August; and wliich may, for 
the purpose in question, be taken quite near enough at 
0.44. sin. (0 120^), 0 being siufs moan longitude. 
The mcixn temperature of the day may also be. very 
approximately obtaiued. from throe temperatures t, if , 
observed at 7 a.m,, 2 p.m., and 9 p.m., by tlio 
formula 

4 ” 

;or if observed at 8 a.m., 3 p.m., antj 10 p.m., from the 
expressiont • 

7 ^4-7 ^'+ior 


24 
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(183.) The annual fluctuation of temperature is 
derived from the consideration of the consecutive 
values of the mean temperatures of each day, or of the 
constant co-efficient A in the expression of the diurnal 
temperatures, considered as a periodical function of 0, 
the sun’s mean longitude ; or, if wo please, of the arc 
proportional to the time commencing frQpi any given 
date. For simplicity we shall suppose, however, that 
the value 0-0 commeaices on the Jlst of January, so 
that 0-15° corresponds to the middle of January, 45° to 
that of February, &c., or rather to the exact days 
'nearest tlSe middle of each month, which divide the 
year into 12 equal parts. The monthly mean of tem- 
perature being obtained by taking the arithmetical 
means of the daily ones for each month, the annual 
formula 

T ^ A 4- B, . sin, (0 -f C,) -f . sin. (2 0 -f Cj) 4- Ac., 

wUl ])e obtained, as in art. 155. The following values 
for a series of stations in order of latitude calculated 
by Kamtz, will serve as examples for extra-tropical 
latitudes ; — 
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To which, as a further example, we shall add the 
expression of the annual* vkriutitm of toinperatnre at 
St. Petersburg, from the Correspondmice MetGorologi([fie 
of M. Kupffer, 1848, where* the terms beyond the 3d 
order, though given in the original, are suppressed as 
insignificant, viz. — 

T = 38°*73 + 23°*32 , sin. (0 4- 42^) 

-f .sin.(2 0+ 115° 27') 

-f 0°'30 . sin. (3 0 + 234° 31') 

(184.) Tlxe general eoup-’d'ocU of the annual pro- 
--grcs^jion temperature alTorded by these results is not 
a little remarkable. The values of C, upon which tJie 
epochs of the maximum and minimum and mean tem- 
perature mainly, depend, are very nearly alike, and 
have but httlo reference to the latitude of the place, 
and as we see tbo epochs set down (those for Cape 
Town, whose hdatude is south being reversed), all 
agree in jdacing the extreme of heat and cold nearly 
about the 26th July and the 14th Januarj". Tlic 
'epochs of the mean computed from the formula offer a 
similar agreement ; all fall within a very few days of 
the 24th April and 2l8t October. A general mean of 
the whploj which may be taken as a very near approxi- 
3Daati6n to tlie law of annual temperature over at least 
MliliO whole of the extra-tropical northern hemisphere, 
probably also of the southern, maybe expressed 

, A + ^ (M - m) , sin. (© + 263° 64') 

' ; TfeiM - m ) . sin. (2 0 + 23° 46^ 



PIEMI-.VNNUAX. FLUCTaATtON OF TEI^IPEKATURE. 177 


Wliore l\r and in are tho maximum and minimum 
rc'spnctivoly of tho mean diitrnal tf5niporaturpa {Kdmiz, 
i. 136). As the co-cfiicient of tho second term is 
1-1 5th that of tho first, which is the precise fraction by 
which tho intensity of solar radiation fluctuates by 
reason of the change of tho sun's distance — this might 
alniost*lead a suimise, that the semi-annual tewm has 
its origui in this cause (since it is obvious that it can- 
not ^tavo a purt‘l,> local ori^in).^ In effect, if we 
'“(msidcr the simple expression, T A -f 11 . sin. (0 -f C) 
as varied by r<'gar<ling A and 11 (which are evidently 
jjroportional, vivteri'^ i)aribUf^o\\\(? force of cfireet solar 
radiation) each to bo variable by reason of the varying 
XJroxiniity of the sun, and to be ri^preseutcd respectively 
in geneml by A d- cf . sin. (0 + a) and B + . sin. 

(0 4- /3) ; A and /3 being still the mmn values of these 
(•o-(dli<'icnt<? in a whole revolution, the expression for T 
will become 

A -h a . sin. (© -f a) + B . sin. (0 -f C) + & . sin. 
(0 + /3) . sin. (0 + C)> wliich is rodtciblo to the form 

M + N . sin, (0 + w) + sin. (2 0 -p p\ 

M, N, B, 71, p, being constants. This cause, then, 
would in fact introduce a term depending on 2 ©, or 
having a dfemi-annual period, into the ultimate effect of 
the sun, and proportional to the eccentricity of the 
earth’s orbit. We are quite ready io admit that this 
reasoning is not very strict, but tho Coincidence is a 
remarkable one, and it is rather thrown out as a surmisa 
than as a demonstration, * 

N 
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(185») Eetwoen the tropics, however, other and 
powerful causes, having </bviou8 reference to geogra- 
phical situation, tend to increase the somi-annual term, 
depending on 2 c-), and by reiiderbig it more nearly 
comparable to that depeiidnig on 0 , disturb the regular 
increase and decrease in a very marked manner. Not 
only does the sun botwc en the tropics j>as^ twicb a year 
through the zenith of each station, but the interception 
( f his beams by cloud ^luiLng the afternoon at lefot of 
almost every day in the wot season, the de3C(>nt of a 
hirgo (quantity ol cold rain from the ui)per regions of 
iFie aii‘, and its evajx) ration from a heated soil, all go to 
disturb life simple law of increase and diminution of 
heat with the sun^s mc^ridian altitude and the length of 
the (lays, which moreover vary but*‘ little in these* 
legions. Owing to these causes, then, the heat in those 
near the tropics whi're a lainy monsoon prevails, 
instead of coni lining to iiieicase as the sun becomOxS 
jXioK^ nearly vortical, so as to jiroduce a burning sum- 
mer, niuiains n(‘a^ly stationary, and even in some 
localities undergoes a slight depression, thus producing 
a double minimuin with the progress of the raiuxS, while 
in others, where this cause docs not act, no such dupli- 
cation tak<M place. 

(18G.) To determine with precision the mt-an annual 
temperature of a place ri*(j[uircs the accumulation ol‘ 
many years' obxservatiom This is abundantly shewn 
by comparing the results obtained in succejssive years 
for a long period, wherever records exist of a depend- 
character, which can hardly be said to be the case, 
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however, earlier than the year 1770, owing not only to 
ah.sence of due care in ascertaining the zero 2 Joints, and 
verifying the scales of tiiernionieters, but also to th(‘ 
want of sufficient attention to circumstances of expo- 
sure, &c. Where, however, such records do exist, it is 
found that differences to the extent of two or three 
degrees hf Fahrenheit in the means for individual years 
iroiii a general mean of the whole occur. Thus in a 
serie^of annual temperatures deducted by Mr. Glaisher 
from the records kept at the Iloyal Observatoiy at 
Greenwich, during the 85 years elai)scd from 1771 to 
3 855 (both included), wo /in<^ the extremes of cold and 
hot years to be respectively r5F.3 and 45”. 1/ differing 
by 6”. 2 inter sCy and 3”. 1 each from the general average. 
So also in the series of mean temperatures for Man- , 
cheater for 26 years from 1704 to 1818, derived by 
Dalton, weffind a variation of 5° F. in hot and cold 
years ; and in a similar series for Paris, as deduced by 
IJouvard from the records of the Observatory of that 
city for 21 years, nearly as muclj. 5 Such differences 
might be expected when we consider the exceedingly 
variable influence of winds and cloudy and rainy 
seasons ; and the differences, moreover, from year to 
year, succeod each other with great irregularity, so that 
it becomes^exceedingly difficult to form any judgment 
aE(to the existence of a law of periodicity in this respect. 
The observations of Mr, Luke Howard, indeed, in the 
neighbourh^iod of London, have led hhn to suspect a 
decennial period of fluctuation; and the records of the 
Greenwich Observatory above mentioned, s^ew a marked 
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tendency to a regular increase and diminution, with a 
period of 14 years from qnmimuin to minimum ; hut 
these two results partly cojitradict each other, and, so far 
as other similar records have been examined, no distinct 
conclusion on the subject would appear to have been 
arrived at. We shall not long, however, remain in 
ignorance on this point Multiplication *of stations, in 
wliicli normally accurate observations are made, will 
furnisli data in 15 or 20 years fully competent to Cfccide 
the question j since any cause of a general or astro- 
nomical nature (such as that alluded to in art 7) must 
of necessit^^ make its ai)^<*arance on the comparison of 
a great iliany stations, in the lapse of a single period, 
quite as evidently, indeed more so, than at one and the 
same station in the lapse of many. 

(187.) As the mean annual temperature at any place 
is a very important element in its (dimatdlogical rela- 
tions, it is des/rablc to point out means by which it 
may be obtained with the least possible amount of 
observation and r<Sgistry by residents whoso avocations 
will not allow them to perform a complete, series of 
meteorological observation. From wbat has been said 
(art. 184), it will easily be collected that from observa- 
tions of the daily temperature from a week before to a 
week after the 24th April and the 21st October, in any 
part of the world beyond the tropics, will afford 'a 
certain approxiiuiition to the temperature in question ; 
m will also a mean between the extreme temperatures 
(similarly observed at about epochs of maximum and 
njinimum, denary 14 and July 26). Another method 



M15AN ANNUAL TEMPERATURE. 


181 


consis^p in deadening and weakening the effect of casual 
diurnal fluctuation by recortftng twice in the 24 hours, 
at 12 hoiirs^ interval, the readings of a thermometer 
with a long stem, having the bulb and lower part of 
the stem packed in a tin box of dry sand or saw-dust, 
but otherwise fairly exposed. A few days' attention 
to such -a thermometer will shew at what interval 
beyond the hottest and coldest times of the day its 
indications attain their maxima*and* minima, the moans 
of which will give very nearly indeed the mean diurnal 
temperatures. The enclosure of a maximijpi and a 
minimum self-registering thermometer in a largo cask 
of dry sand, which might he opened and read off twice 
a year, would als^ probably afibrd a very accurate mean 
result. 

(188.) From what is said in art. 39, it is evident 
that the temperature of the soil at some considerable 
de.pth below the surface will never vary greatly from 
the mean annual tqmperaturo of the air, and that there- 
fore the temperature of the last-dra^fti portions of large 
quantities of water, freshly drawn from deep closed 
wells, or that of copious perennial springs, which there 
is reason to believe do not rise from any very great 
depths (and so bring up the higher temperature of the 
interior of the earth), or descend from much higher 
land in the neighbourhood, will also afford a considerable 
approximation. At four feet deep the mean tempera- 
ture of the soil in extra-tropical regions may be con- 
sidered as attained about the 10th of June and the 6th 
of December, at which times, therefore, its observatibn 
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will give nearly the yearly mean temperaturo. , Bons- 
aingault states that under the equator it is sufheient to 
observe the tempera! are of the soil at that or even a 
less depth, at any time, to obtain a very near approxi- 
mation to this elomont. 

(189.) As this clement of all other meteojological 
data is that which it is desirable to olftain with the 
greatest 2 )rocision,, it is necessary to he on our guard 
against receiving, as tihal, results so obtained. The 
temperature of the soil is necessarily influenced by that 
4 jt' coj)ioi:v:< rain, wliich brings with it the temperature 
of the uj^jper strata of tl/^ atmosphere, and carries it 
rapidly down below the surface, in a very different 
manner from that of sunshine, noetiynal radiation, or 
juirial conduction. Wliere the rains are distributed 
with tolerable equality over the year, the aberration of 
the mean temper ituro of the soil from that of the air 
from tills cause is not likely to be material. But it is 
^)th(irwisti where the reverse of this condition prevails. 
Thus Smith found}* in Congo, the temperaturo of a well 
100 feet deep 73° F., being 5° below the mean tempe- 
rature of the ]>lace of observation. Again, when the 
(^aJ’this long covered with snow, which during its melt- 
ing preserves a uniform temperature of 32°, and while 
unmolted, greatly impedes the free communication of 
heat between tlie air and the earth, it cannot be that 
the same law of the downward propagation of tempera- 
ture should be followed as if the same amoflnt of water 
had fallen in a liquid form. M. Kupffer has constructed 
a Iseries of lines analogous to flumboldt's isothermal 
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lines, which he terms isogeothermal linos, and which 
connect the points at which the mean temperature of 
the soil is constant, thus forming a series of curves for 
0°, 5*^, 10®, ... as far as 25® Cent. These are by no means 
coincident with the isothermal lines of the same tempe- 
ratures. Thus, for instance, the two curves for 10® C., 
w^hich^coincido over the southern part of England, begin 
to diverge where they enter on the continent of Euroj)e, 
— ftre isogeotheruial curve deviating northwards in its 
eastern progress, until at a point in Asia, about half 
way between the Baikal Lake and the Caspian 8ea (or 
in lat. 50°, long. 8 O'" E.) it^eeis the isotheftn of 5® C., 
thus indicating a difTcrcnce of 5® C. ~ 0® F. between the 
air and soil ; and again, at a point north*east of Peters- 
burg, in lat. about C3®, long. 40® E., a similar encounter 
between the isotherm of 0® (32® E.) and the isogeoiherm 
of 5® (4P E.) takes place.* It is probable, however, 
that in most places where the soil is porous or gravelly, 
and whore well-water is not found hut at some con- 
siderable depth, the temperature ctlf the soil at three or 
four feet deep under an area extensively roofed over 
and well drained around, and where no artificial tem- 
perature is kept up (and in cities many such may be 
found), a very exact animal temperature might be 
obtained! 

(190.) But it is rather to careful observations of the 
temperature of the equatorial seas jfaccording to a sug- 
gestion oS Arago) at a few feet below the surface that 

* Wo are bound ti) state what we find recorded, but we muHt 
confess that such results appear to us hardly credible. j 
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we should look for normal results, capable of being 
compared from year to year with a view to bring into 
view any secular or periodic change of mean annual 
temperature. There are vast regions of the Pacific 
where, '‘over thousands of square miles, a wonderful 
uniformity of temperature prevails,^’ and where both 
the diurnal and annual fluctuations are reduced Vithin 
exceedingly nan'ow limits. In ihesq. therefore, the 
accumulation of observations during voyages made Alth 
instruments really dependable, and executed with really 
scientific precautions, would very soon put us in pos- 
session of s^)mo decisive conclusion on this most inter- 

. . ■ ^ 
esting point. 

(191.) Tiio influence of the alternate annual approach 
and recess of the sun, ccuiscquent on ^)he eccentricity 
of the earth^s orbit, to pxoduco an animal fluctuation of 
the viean tanperaiure of the irhole earths, *has heen 
shewn in art. 12 to be nil. But Prof. Dove has shewn, 
by taking at all seasons tlio mean of the temperatures 
of points on its sur^ice diametrically opposite to each 
other, that the average teiirperatiiro of the tvhole earth^s 
surface in June considerably exceeds that in December. 
This is owing to the great excess of land in the northern 
and of water in the southern hemisphere, which gives 
to the general climate of the former more the iharacter 
of, a continentaJ, to the latter more that of an insular ‘ 
or oceanic ouc (art. 40). Suppose A and a to be the 
summer and winter average temperatures in tlje former, 
and -jB and h in the latter. Then tlie summer falling 
in dune in the northern, and in December in the 
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southern, the Juno temperatures in both will be A, h, 
and their mean, or the averi>ge June temperature of the 


whole earth, — Similarly the average December 

temperature will be and the difTerence, or (June* 

-r. , ! .,1 . A -f /; a + B A - a II h 

— December) will be 


wdiich is a positive quantity, because the fluctuation 
A — a is (for the reason assigned) greater than !> — ?>. 

(192.) Iho best genera]^ idea of the disffibution of 
heat over the globe is to be gathered from* a chart of 
the isothermal lines; and as the limits of this article 
forbid our entering into any detailed account of a sub- 
ject which properly bebngs rather to the department 
of physical geography, we shall content ourselves with 
referring to that given in Plate 11. The curves about 
the north pole bear no inapt resemblance (as remarked 
by Sir David Brewster) to tbo ifel^chromatic lines, or 
coloured spbaarolemniscates exhibited by polarized light 
in a hiaxal crystal, whoso optic axes are inclined to 
each other about SO'', having the pole itself almost 
centrally situated between them, and their lino of junc- 
tion neafly coincident with that diameter of the x»olar 
basin which bisects it and passes through its two great 
outlets into the Pacific and Atlai^tic oceans — a most 
remarkable feature, strongly indicative of the absence 
of land> and of the prevalence of a materially milder 
temperature (possibly not averaging below 15° F,) at 
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the actual pole. Of the point or points of maximum 
cold in the southern hemisphere we know notlung. 

(193.) The general equation of the optical curves in 
question is, 

sin. & . sin. = T. 

T being a number expressing what is called in optical 
language tho order of the tint exhibited, (and^ which 
varies in arithmetical progression, on passing from one 
curve to another in sucoossion of the same colour) ‘^tnd 
tho distances of any point in one and the same 
curve from the two poles respectively. Thus in fig. 7, 



S and S' being the polos, P the middle pdint between* 
them, A B C L> tlie optic equator of the polarizing 
crystal, A P C,«D P B meridians, the one passing 
through S S', the other at right angles to it, and M JST 
any; one of the isochromatic curves of the order T, we 
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shall have S M = 0, S' M = ^ 'fhere can ho no doubt 

t ' 

then, from tho general resimblance of the two sets of 
curves that supposing a mean temperature thermome- 
trically indicated by T to prevail at any point, M, in 
north latitude, a curve K L M N O traced by calcu- 
lation from the equation a . sin, ^ . sin. ^ “ T— r {a 
being somcicertain numerical constant independent of 
t\ would approximate at least in some rude and general 
wSy' to the isothermal lim* corresponding to T. Suppose 
this done for temperatures varying by equal thenaonietne 
intervals and a series of curves so drawn. It is obvious, 
then, tliat these curves, ii\ respect of thcirllnagiiitudes, 
distances from their foci and tho I'lolo P, aft well as in 
tlieir general gradations of Ilexure, will coincide, or 
ij early so, with a scries of isochromatic curves equidistant 
in their orders of tlul. Now, this latter series will 
divide tlib in(3ridians B 1^ D and A P C, in a succession 
of points distributed over tlicni, not at eipal differences 
of distance from tho pole P, nor alike in the two meri- 
dians, but following a certain law %f progression in each. 
Lot us inquire what this law is ; and to begin with the 
meridian P D, passing through the i^oles : — Take a ^ 
A L, the latitude of L, then, for tho values of ^ if corres- 
ponding to the point L, we have 0 = 90'’-- (c 4- X) and 
f 90^ (c — X) and therefore 

T — r = sin. & . sin. O' — cos. (e + X), cos. (c - X) 

~ ^ i cos. 2 c + cos.* 2 X 

2 ( • 

or, which comes to the same thing, putting 7 = 90— c 
( - 75% since c = 15° or thereabouts). ^ . 
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T — r = a (cos. cos. 7 ®) . . * ( 1 ) 

J^ovv it is remarkable that this is precisely the form in 
which Mayer endeavoured h) express empirically the 
decrement of temperattiro in proceeding from the equator 
towards the pole, from such observations as could be 
obtained about the middle of the last centurj'-, and which 
has been adopted by Kirwan and most otlier metcoro 
legists since his time with various more on less successful 
attempts to assign values t# the constants a and a . cos.’y 
(regarded as a single co-efficient). M. TCamtz, who Las 
taken vast j^ains to combine by the method of least 
squares, the mean temperatujes on different meridians, 
so as to alfoVd the movst probable value of the co-effleient 
of ISfayer’s formula a. cos. assigns for the meridian 

noTv under discussion, running from Melville Island 
through the interior of tlie Americim continent, as the 
centigrade reading of the mean temperature T 5 77'4- 
cos. X*~2F.5G, which it is obvious agrees with our 
equation (1) hy a i>ropcr assumption of a and r. On the 
prolong(dion of this ineridian on the other side of the 
pole, the stations are too few in number and probabljf 
too loosely determiued to afford any satisfactory com- 
parison. 

(194.) Let us next consider the meridian BD at right 
angles to the former. Here we have for the jfoint N, 

0', and a. sin. “ T—f } but we have also cos. ^ = 
sin. X. cos. Cf X being now the latitude BN reckoned on 
this meridian; so that our equation becomes inihis case, 

T - r a. cos* cos, X** d- tan. c*. \ . (2) 
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wliicli again agrees in its fom with Mayer's formula. 
Comparing tliis with the fovmula (1), it apj>ears that tlie 
co-eflicients of cos. in the two meridians are to each 
oilier in the proportion of 1 : cos. or about 100 : 93. 
The mean of the results obtained by Kiiintz in tlio 
northern portions of the Atlantic and l^acilic Oceans, 
comp&ed with that similarly derived for the opposite 
meridian, give.s 100 : 09 for the same ratio, whic h- at 
leSS^t is so far satisfactory in the way of agreement, that 
the difference lies in the right direction. It will, of 
course, be understood that we have not the smallest 
intention of tracing any iijiysicaJ analogy between the 
two sets of curves, our only object being to point out 
the coincidence between them (vvhicli wo do not 
remember to have seen before noticed), in respect of the 
arithmetical progression of temperature in the one series 
corrospoinling to that of chromatic sequence in the 
other, as something dilfcrent from and additional to a 
mere general resemblance of form. 

(195.) Another consequence ctf the general causes 
pointed out in arts. 37, 38 of the different habitudes of 
land and water as regards their reception and retention 
of heat, is the general law wdiich appears to prevail in 
respect of the comparative severity of the winters aiul 
heat oMhe summers in the interior of the great con- 
tinents of the northern hemisphere and on their coasts, 
aiid„ of the general mildness of climate on west coasts 
as compared with east,; in the extmtropical latitudes, 
ihe former is^ a very obvious result, and is strongly 
exemplified in the interior of Eussian Asia. Thus 
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Tobolsk, Barnaoul, and Irkutsk, with summers in 
which the thermometer for .weeks together attains 
or 88° F., have winters in ;which the mean tempera* 
tures are from — 0° to + 4° F. Thus too, at Astrachan, 
the mean summer temperatiu'o averages 70 ° F., allowing 
the production of the most magnificent grapes in the 
open air, with a mean annual temperature pf only 48 °, 
that of London. At Kislar, at the mou|h of the Terek, 
in 44 ° K latitude, that of.the south of France, the thfer- 
mometer sometimes :^lls in winter to —22° F. It is to 
Leoj^old Von Buch that we owe the first notice of this 
remarkable Contrast of climates, the subject of which has 
been extonseively pursued by Humboldt, Schouw, and 
others. The other consequence is not so obvious. Where 
the prevalent winds (the anti-trades) blow from the south- 
west, they carry with them an oceanic temperature and 
an abundant supply of vapour (which, as we have seen, 
tends to equalize the extremes of temperature) to coasts 
having a westerly exposure, while, on the oth(3r hand, the 
same winds arriving qn eastern coasts after passing over 
extensive continents, propagate forwards in that direction 
the extreme climates of their interior. Again, those 
winds which are incident on eastern coasts’ from the sea- 
*ward side, having mainly a north-eastern character, 
bring with them the cold of a higher latitudik , This 
latter effect is strongly felt on the east coast of our 
island, while the extreme mildness of the west coast of 
Ireland and the north-west coast of Scotian^ equally 
testifies to the powerful influence of the there prev^ent 
'sout^^-westerly winda 



PJENTHEMERAL TEMPEK4TUKES. I'Ol 

(196.) Before quitting the subject of temperature) 
and ife variations, we niust^notice a conclusion which 
has been supposed to be obtained by dividing the year 
into pentheraers or portions of five days each (with one 
of six in leap years), and calculating from extensive 
series of observations the mean temperature of each 
pentlieiner. ^ This task has been executed by Ofverbom 
for a series of fifty years’ observations taken at the 
OlJServatory of the Academy qf Sciences at Stockholm, 
and by Brandes for a great many other European 
stations from Petersburg to Pome. The results go to 
indicate two rather remarkable or even 

slight retrogressions in the generally rcgularancremerit 
of tempefature from winter to summer, viz., one about 
the. 12 th of FelJruary, the other between the 4th and 
14th of March, the date being later as the station lies 
more to the south. Both would seem to be attributable 
rather to northerly or north-easterly winds setting in 
about those dates than to any general cause, though 
some speculations would go to assign them a very 
remote origin, and even to trace them up to a peri- 
odical partial obscuration of the sun by flights of 
meteors (!) 

Op the f ERioniOAL Fluotuationb in the Hyprombtric 
State op the Atmosphere, and op the Distri- 
bution OF Aqueous Vapour on a large scale, 

• « 

(107.) With exception of a few very limited regions 
in which fogs are habitually prevalent, and certain 
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points hero and there occurring in which rain is almost 
constantly falling, the gen/jral state of the atmdaphero 
is one of more or less hygrpinetric dryness, so that, as 
a rule, evaporation may bo considered as going on 
continually over the whoje surface of the globe, being 
only interrupted where that surface is during certain 
hours of the Jiight cooled by radiation heJoAv tXe dew- 
point. During these, the earth is actually abstracting 
moisture from the air, a^ all other times supplying- it ; 
but far more copioitsly during the day tlian the night. 
Meanwhile, the very liighest regions of the atmosphere 
being from time to time drained of their moisture by 
precipitation, there is always a demand for vapour 
upwards, which (in the view we have taken ‘»of cloud, 
art. 107) is no way intercepted in ifs ascent by tlie 
existence of a region where it assumes for a while a 
visible form, and which can only he look I upon as 
a temporary halt big place, the upper surface of the 
cloud evaporating wdiile the cloud itself is renewed 
by condensation of /he ascending vapour at the lower; 
unless, indeed, the radiation from the cloud itself 
should for a time so far lower its temperature as to 
suspend for a while or even reverse the process. (See 
art. .95.) 

(198.) the epoch of maximum, cold, idicn the 
surface oiv,,the earth is at or near the dew-point, the 
hygromeiric state of the air, to a considerable altitude, 
is near saturation, and frequently either a stratus cloud 
rests on the ground or exists at a much lower altitude 
thap in the day, and when this is not the case, still 
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the whole cohiran of air, by reason of the general 
depression of tomperaturo, is^ much nearer to its point 
of saturation than in the day time. 

(199.) It is the practice of meteorologists to desig- 
nate by the expression “humidity of the air,’' the 
degree of its approach to complete saturation witli 
vapour, and •to give } decision to this language by 
ntiributing to th^t degree a numerical value, viz., the 
rati? of the quantity of vapemr j^tually present per 
cubic foot, as calculated from the dew-poinl, or other- 
wise determined (art. 89), to that which would exist 
per cubic foot were the air ^iturated, or were the dew- 
point identical mtli the actual temperature.* Thus a 
Miide of degrees of humidity is formed, 1 ‘00 being that 
of complete saturation, and 0 that of absolute dryness. 
In this sense of the word it will, of course, be readily 
uuderstood'that a low degi*ee of ‘‘humidity” is com- 
patible with the presence of a large quantity of aqueous 
vapour. It is not the vapour as such (which, while it 
exists as a gas, is, like other gasSs, “dry”), but its 
readiness to be deposited in a “ wet” state on a surface 
but little lower in temperature, that is intended to be 
expressed. To obviate the discordance between this 
language and that of common parlance, the terms 
“relative flumidity” and “relative dryness” aj^somc- 
tiines used. ^ 

(200.) As a general meteorolo^ioal fact, however, 
there is not ^oeroly a want of accordanefe, but an actual 
opposition between both the diurnal and annual pro- 
gress of the “ degree of humidity ” pr “ relatirp 

o 
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humidity” of the air and the “tension of vapour” as 
indicated by hygroniotiic observation — a seeming para- 
dox, but one very easily eiplained. To take the case 
in hand — the diurnal variation — we have seen that at 
those epochs of the night when tlie temperature has 
reached its lowest point, and dew is either actuidly 
deposited or nearly so, the humidity is at/ts maximum. 
But it is precisely at tliat moment that the supply of 
vapour from the earjih having been for several hours cut 
off, or even a reverse process in progress, while yet 
vapour has been diffusing itself into the non-saturated 
regions aloft, and is still ccmtimiing to do so, the actual 
amount of moisture per cubic foot is small, and is still 
in process of diminution. This epoch is usually a little 
before sunrise. As the day advances, the temperature 
increases, and becomes more and more in excess of the 
dew-point. Thr: air, therefore, becomes relatively drier, 
evaporation goes on more rapidly, the lower strata 
become fuller of vapour, as measured by its tension, 
which at length becomes such as to keep pace with the 
upward diffusion, which now in its turn is stimulated. 
The cloud level, or vapour-plane, rises ; and if the 
night has been clear, the air calm, the sun powerful, 
and the soil wet, the appearance of cumuli soon begims 
to reniK;t visible testimony to the nature of l^o process 
in progrei^s, IftTien the heat of the day has reached 
its maximum, this process is in its greatest activity. 
The humidity**' has now reached its minimum, and the 
evaporation, which is in the direct ratio of the tempera- 
t/ire and relative dryness, its maximum. From this 
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epoch, however, the supj^ly of vapour from below being 
most copious, while the temperature no longer increases, 
it is evident that the liumidity must begin to increase, 
while the tension also, for a longer or shorter time, will 
do the same, until by the decline of the sun the increase 
of liumidity so far puts a stop to the evaporating pro- 
cess as^to re*ider it barely competent to supply the 
expense of upward diifusion, at ■which moment the 
tendon becomes a maximum, and ^from which it also 
decreases, and contiiiuos to do so, the humidity increas- 
ing, during the remainder of the twenty-four hours 
until next sunrise, when th^ same cycle of causes and 
ciTects will recur, • 

(201.) Such at^ least will he their succession in calm 
and clear weather, and in a normal state of circum- 
stances ; and as regards the generally contrary marej^ 
of the relative humidity as compared with that of the 
temperature and the vapour- tension, such is really the^ 
course of the phenomena. The epochs, however, and 
t} 4 eir order of priority, are ohviouslj very liable to be 
disturbed by a variety of circumstances, aanoug which 
the most influential are rain, winds (especially such as 
recur in daily periodicity, as sea and land breezes), and 
cloud which cuts off the sunbeams from the soil, and 
puts a st#p to the increase of evaporation the 

telnperature has attained its maximum, thorel^ tending 
to bring the epoch of maximum tension towards coin- 
cidence with that of maximum heat.* We find, for 
example, on comparison of tho three elements in 
question, as derived from six years two-^jourly ohser^ 
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vationa at tl^c IvO}al OLservntoiy at Grccnwicli (1842* 
1847), tlic following reaulls ■ — 

Maxmiurn # Wmimnni 

TctuperjituT p, .W* 22 F. nt Ih. 20ni. r.M. 44 * 85 F. at ^li. 10m. a.tm. 
Yatwur- tension, 0*34r)in. at Ih. 20m. p.m. 0'8()3 in. at 31i. 40m. a.m. 
Humidity, 0 93S in. at 4b. 30m. a.m. 0 763 in. at Ih. 20m. p.m. 

Wlioro it should bo obsorvod that tho amount of cloud 

« 

at (Ireeiiwich is a maximum at 0 h. i)0 m. p.m., at 
which hour 73 per cent of tho shy, on a gtiucral 
average, is env(u*ed^ and* a minimum at 0 h. 4 4 m. p.m., 
wlu'u GO ])pi‘ umt of (‘hmd prevails, the general average 
of tlie yc.ar heung two-thirda cloudy. For other excmi- 
plilicntioiis of the same the reader is referred to the 
table of normal results in tixed observatories at the end 
of tlii^ aiticle. 

(202.) The annual march of humidity and vapour- 
tension as com])ared with that of teniporature depends 
on the same piinciples, and is governed By the same 
; the humid it}’', however (as is also the cas(» with 
tlio diurnal cycle), being much more regular in its pro- 
gress Hum the vajfjour-tonRion, and the limits l)et\^eon 
which tho latter element oscillates being much wider, as 
might bo expected, from tho greater duration of tho 
cycle, and tho conse<iU(‘ntly longer time given for the 
causes in acliou to work out their full eflect before 
remov^i Thus in Oieeuwich the annual maxima and 
minima^ mid their approximate ejiochs, as ujipoars from 
the seiies of obsemtions already referred to, are for the 

** AnuiuiWMaximuitt. Anrmni Wmmnim 
Tftmpefflturp, C3'* 87 F. in July, 84 '• 20 Jau.-Feb. 
VapOHMpnsion, 0*466 in. in J uly. 0 1,0.5 in, Jan. 

in. in Jan. 0*788 hi. June* 
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(203.) Of the general distribuimi j)f moisture 
through the atmosphere, — tiOcally and temporarily, 
notliiug can be more ^capricious than either the hu- 
midity or the vapour-tension, as we ascend into the 
higher regions of the air. Meteorologists, from Saus- 
suro and Deluc downwards, have sought in vain for 
any tiling lik# a regular law of decrement' like that 
which at least approximately prevails respecting tem* 
perjture. Mr. EusH relates •tha^ in his sixteenth 
ascent to the height of 19,440 feet in the hTassau 
balloon, June 29, 1850, with Mr. Green, the^ traversed 
a stratum of air 8600 feijjb in thickness, in which 
absolute hygrometrie dryness^ the zero of* vapour- 
tension, existecL^ This must of course be received 
with some reserve ; but it suffices at least to shew that 
in regions of the globe where cloud is the rule and 
pure sky the excejition, masses of air are occasionally 
intermingled with the generally moist atmosphere, 
which would seem to have been all but absolutely 
drained of their moisture, either % long sojourn in 
the polar regions, or in the highest and coldest strata 
of the atmosphere. Meanwhile, at the ordinary levels, 
wo know little at present of the average or climatic 
distribution of vapour. Of some things, however, we 
may be certain, viz., That on the open ^an, far 

from land, the dew-point, in the day time,TOn never 
be many degrees below the actual temperature of the 
air, and at night must alwa|ibe very Nearly identical 
with it, 2dly, That the mean vapour-tension in hot 
cUmates must necessarily be greater than in col!(|. 



METEOItOLOGY. 


Zdly^ That, ^caderis the relative liumidity of 

the air must be a maximum over the sea, and a mini- 
mum in the interior of Continents, especially wher(3 
there is much sand, which allows the rain-water to 
sink, and which speedily dries at the surface : or much 
bare rock, which, never being more than superficially 
moistened, affords no supply of vapour toithe air. For 
it is obvious that in such regions thpre must be less 
evaporation for an ^ equal incidence of sunbeams ; \hat 
therefore less of their heat will become latent, and 
their cfHcacy in heating the air will be in consequence 
greater, so that the temperature will rise in the day- 
time faster than the dew-point, and that in an in- 
creasing ratio ; and, moreover, that from the very 
combination of these causes, there will be less tendency 
to the formation of cloud over such regions, and 
therefore a groatcr amount of direct sunshine thrown 
on the soil. Thus wo have a system of mutually 
reacting causes and consequences (no uncommon ar- 
rangement in mofeorology), all tending to exaggerate 
both the heat of the climate and its relative dryness : 
the only counteracting power being that of radiation, 
both diurnal and nocturnal, but especially the latter. 
Wliere, in addition to all these causes, those winds 
ivhioh^dow from warmer regions or from tropical seas, 
before having over the place in question, have to 
pass over lofty mountain ranges, and have been chilled 
in so doing, «tnd drainid of their moiskiro, by the 
precipitation of snow or rain, it may well be imagined 
a state^of extreme relative aridity will prevail. 
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Atlijy and lastly^ We may be very sure tliai tlie upper 
regioAs of tlie atmosphere j[not only as being colder, 
and therefore incapable of retaining without deposition 
a quantity of vapour equal to that of the lower, but 
for the reasons assigned in art. 88) must be hahituallyy 
and on a ymcral average, both absolutely and relatively 
drier Uhan tjie lower : though the existence of cirrus 
cloud at very high levels (certainly sometimes exceeding 
3(^000 feet) sulficiently proves that even at such alti- 
tudes saturation with moisture occasionally takes place. 
During the sojourn of Mr. P. Smyth on the Peak of 
TenerilTe, the aridity of thq air was found fi'j be always 
excessive. On one occasion at Guajara (alt. .8843 feet) 
the depression of the dew-point below the temperature 
of the air was oflservc(| to be no less than 54° F., and 
o|i another, at Alta Yista (10,707 feet), 40°, the depres- 
sion at th» sea level being habitually about 10° in the 
middle of the day. 

(204.) In actual cloud (although in the earlier history 
of hygrometry the fact was questioned, owing to the 
imperfection of the liygrometers used), both common 
sense and observation go to prove that the extreme 
point of humidity is attained, since where water is 
bodily present in every cubic inch of air, and refuses to 
disappear by evaporation, a state of absolute jituratioii 
must exist, just as in brine in which fine]|l^owdered 
salt is suspended without solution wo conclude a state 
of saline sqjjuration. Hence we are led to some singular 
enough conclusions with respect to the law of decre- 
ment of humidity, as distinct fi:om vapour-tension. 
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(205.) In the day time, so long as the sky is cloud- 
less over any spot, it is ev^ient that there is no' point 
in the aerial column above it at which the dew point is 
surpassed, so that the supply of moisture from below 
is carried off by diffusion upwards, and it will depend 
entirely on the copiousness of this supply, and the 
rapidity with which it ascends into the higher fogions, 
whether, as the day advances, the vapour-tension and 
humidity shall follow a cpntrary or similar progressic-n. 
If the supply be ahbndaut and borne up rapidly to a 
colder level, a cloud will be formed, and it is obvious 
that for some time before it^. actual visible appearance, 
the air in<,that region where it is about to bo formed 
must be gradually approaching saturation, and attain it 
at the moment of deposition the first molecule of 
water in a liquid state (and here we cannot help remark- 
ing, ohitar^ that it is utterly inconceivable bow, under 
such circumstances, a vedde should be formed). From 
the ground, then, vq) to the vapour-plane, wherever 
such plane exists, whatever be the law of vapour-ten- 
sion, the humidity (perhaps with some interruptions in 
respect of regularity) continually increases up to I’OOO, 
its natural limit, which it maintains through the whole 
thickness of the cloud stratum. This level passed the 
upper g^^face of the cloud perforrm, to all int^ts and 
putpoBes\^^ regards the higher atmosphere, the office of 
<15 lahe or sea, being a thoroughly wet surface on which 
that atmosphere ^reposes. Henceforward, therefore, the 
law of decrement of moisture will be the same as it 
Vould he over the sea itself under the same circutn- 
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stances of teniperatiirG and pressure. JNor does anything 
provedt (the sun striking on^and evaporating it) why a 
second layer of cloud should not he formed again at a 
higher level, and so on — a phenomenon, in fact, of no 
rare occurrence. In such a case, if wo take the height 
for an abscissa, as A H, the curve of humidity will be 
an un^ulati^g one, such as E F G 11 1 attaining its 
maximum, I’OOO ( = B E or C H) at E or H, and 
h 2 ^ing a minimum • between J;hom as at G, while the 



different — the relation between any pair oi^heir re- 
spective ordinates, C H, C S, being that wJ|j!Bh subsists 
between the temperature, tension, and humidity gene- 
rally, a relation expressible by the eq^iation, 

where V is the vapour-tension, H the humidity, and p 
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{t) the function of the temperature t, which expresses 
the force of saturated vapoiyc at that temperature (art* 92), 


DePENDEKCY op ATMOSPHERtO PRESSURE, TEMPERA- 
TURE, AND Moisture on the Direction of the 

Wind. Dovers General Views op this ^epen- 

DENOE. ' 

(206,) There can bo ^o doubt that by persevomig 
and long-continued 'observation, the same laws of diur- 
nal and annual i)eriodicity will be found to be observed 
in the direction and force of the wind as in the other 
meteorological elements ; but they are so much more 
masked by what we must at present term casual and 
accidental causes, that, except in certain great features 
(such as have already been described, art. 58, et mq,) 
and in certain geographical situations, tliey cannot 
emerge from the xhass of overlying irregularities except 
in very long periods. The extreme mobility of the air, 
the poweiful agenc^s at work to set it in motion, and 
the extensive propagation and prolonged duration of 
movements once communicated to an elastic fluid »o 
constituted, all go to mix up, at each particular spot 
a^nd moment, into one common resultant, motions which 
have oi^inatcd at many very remote pointsy and at 
very difi^nt epochs. Along the coasts of heated 
continents, or even islands in tropical regions, indeed, 
the diurnal alteigaation of sea and land bfeezea is a 
. result obvious enough of itself and confirmed by obser- 
vation ; and in the temperate zones, the approach, of 
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the SUB to their respective poles is masked by a bias in 
the general direction of thg wind towards an easterly, 
and its recess by one towards a westerly <lircction, the 
more marked the nearer the point of observation is to 
the exterior limit of the trade winds. But as regards 
th^J wind in general, it is found more advantageous to 
abandbn th^fS point of view, and to regard it, not in its 
remote connection with the general cause of periodicity, 
bht in its imniodiate relation to the other meteoro- 
logical elements with which it stinds in more obvious 
connection. 

(207.) The winds, wh^ph are originallj^ caused by 
the equatorial heat and generation of aquepus vapour, 
or by extensive local agencies of the same kind else- 
where produced, act as their transporters from place to 
place, and as their distributors over the globe. It is, 
therefoixjj very obvious that a wind blowing with any 
degree of continuance and force from a lower to a 
higher latitude must bring with it to the latter both 
the superior temperature and mojsture of the region it 
has left, and vice versd. Thus in our latitude, a south- 
west wind is warm and moist, a north-east cold and dry. 
The excess of vapour in the former has a powerful 
tendency to form cloud in coming into*a colder climate,* 
and to Jbo deposited in rain ; the latter arrivj|ig with a 
low vapour-tension in a warmer region, absorbs both 
heat and moisture, clearing the sky of cloud, and, 
while depressing the temjkjrature, gives that peculiar 
bracing” quality which is the effect of a cold, dry air, 
m contrast with the ‘‘relaxing” influence of moist 
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warmth. These effects are familiar to every one, and 
have been remarked fronj the earliest times. *' The 
general indication thus afthrded lias been, however, 
pursued into minute detail hy M. Dove in his excellent 
work entitled Meteorologische Untersuclnmgen (Berlin, 
1833), in which ho has succeeded in exhibiting in it 
very distinct manner, by an extensive induction from 
observations in almost every region of the globe, the 
close and immediate dependence of all the three gr^t 
meteorological elements, temperature, moisture, and 
atmospheric pressure, on the direction of the wind, or 
the point of the compass from which it blows. In 
other words, assuming d to represent the angle which 
that direction makes with the meridian of the place 
(reckoned from the north or south according to the 
denomination of the elevated polo), any one of these 
elements, E, is found to he expressible, on an average 
or mean value during a whole year or series of years, 
by the equation of the form, 

E - A + . sin. (H G i) + . sin. (2^ + C^) -f &c. , ♦(a) 

(308.) The mode in which a law of this kind may 
originate is not difficult to understand. Suppose, Df, 
(the earth without diurnal rotation, and the sun to move 
round it |foom east to west, and at any given spet (sup- 
pose in txN^ northern hemisphere) let a wind blow 
! d^eet from the south with a ceitain force and during 
a certain time, thk will bring over the placocof ohser- 
:>vation the warmth and moisture of a latitude more 
eonttierly (suppose) hy 10®. But now suppose a wind 
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of the same force to blow for the same time, not from 
the south, but from the easiiward or westward of south, 
at an angle with the meridian; the atmoshpere of 
a place 1 0® remote, measured on a gi’eat circle, will 
be still transferred to the place, but owing to the 
inclination of its path, only 10° x cos. ^ more south. 
If, tlictefore^ the former wund brought with it an acces- 
sion of temperature or moisture, rcprcseriied by e, this 
^11 bring the accession e . gos. ^ proportional to the 
dilFerence of latitude travelled over. It may happen, 
however, from the circumstan(50s of the locality, that 
the warmest or inoistest legion in the nflghhourliood 
may lie, not due south of the place, hut in n direction 
making an angle 90°— C with the meridian. In this 
case, then, the extraneous temperature?, or moisture so 
induced, will obviously be represented, not simply by 
e . cos, ^,*but by e . cos. + C — 90°) or c . sin. (<?4-C). 

(209.) Ihe elFect of the eartli’s diurnal rotation is 
to cause a wind setting in from the southward to veer 
more and more westerly the longc-?** it has continued to 
blcfw, and from tlie northward more easterly, so that, 
to use M. Dove’s expression, the direction of the wind 
belies the region from which it has travelled. The 
wind, therefore, which really reaches the spot in qiies- 1 
tion from the most southern region (and whj'A brings 
' the greatcvst amount of extraneous heat moisture) 
will not be a south wind on its anjval, but one having 
more or less of a westerly character^ according to the 
latitude of the place and other circumstances of local 
resistance, and vice vmd for the opposite influei;jces. 
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In so far, then, as the great equatorial and polar system 
of wind-currents is conccrpcd, the general olTect will 
be represented nearly by thb fonuula, 

c. sin. (<^+0') 

on a mean of every season and of every direction of 
the wind; and if to this bo added tho^subofdiiiatc 
influences which may be propagated to the locality in 
question from regions nearer at hand tliau tlio equator, 
and winch may each *aud all of them give rise to similar 
eifects, represented by e. sin. ■+• c \ e". sin. -f- c"), 
the total olftct, being the svm of all these, will, as is 
easily vseen^ be reducible to a single term of the general 
form, E. sin. + C). 

(210.) The effect of any wind in heating a place 
will evidently be proportional not merely to its excess of 
temperature, but lo the quantity of air having that excess 
which passes over the place, and which has changed 
its latitude, that is to say, in the absence of any infor- 
mation as to its velocity, to the degree of frequency and 
duration of that pai*ticular wind. The co-efiieient 
then, in the expression e • sin {6 + C) js dependent 
on this degree, which itself, in any given locaUty, is 
''dependent on the north-east and south-west winds 
being m«^ frequent, and the other winds rarer, dti some 
delinite r^mn to their duration.. In other words, e 
is a function of hping two maxima, viz,, for ^ 4/5° 

and 225^", and two intermediato minima, not neces- 
sarily at right angles to those, e, then may be oon- 
eeivpd as generriJy capable of expression in some such 
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form as (e) -h/ • sin. {^^-g) -\-h. sin. (2^4* i\ tlie com- 
bination of wliich with siiv {0 -f 45 °), or sin. {& + C), 
will give rise to a set of terms containing the sines and 
cosines of 0 and its multiples, with co-efficients depend- 
ing on (c), /, g, etc., and which are reducible, in their 
ultimate expression, to the general form in art. 146 . 

(21 f.) Th^ (lf3pendonee of the barometric pressure 
on d in a similar form of expression is not so evident 
oiPthese principles. But it ngiust be remembered that 
a warm and moist atmosphere is limiter, bulk for bulk, 
than a dry and cold one, and that as the effect of a sur- 
face wind (at least of ona of any continffanoe) is to 
transfer bodily the lower strata of the atmosphere of 
one place to another, so the barometer, apart from all 
other causes of periodical fluctuation, will vary in inverse 
correspondence with the tempera|j|ire and moisture. 

(212.) M. Dove, and after him Kamtz and others, 
following out in greater detail this train of inquiry, 
have come to very positive and distinct practical con- 
clusions on all those several heads.* In fact, it appears, 
as a general law, that in the wind-rose,*^ or compass- 
card, there are two points not far from diametrically 
opposite each other ; the one in the neighhourhood of 
the N. E. point, the other in that of the S. W., from 
which vAen the wind blows, on the long average, both 
'the temperature and the vapour-tonsion*»have their 
maxima and minima, the former at the N.E., and the 
latter at the S.W. Tlie same, or nearly the same, 
points or poles of the compass-card indicate, reversely 
the minimum and maximum, of barometric pressure. 
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Particular localities shew deviations from each other 
and from the general and normal form of expression, 
both in respect of the * precise situation of those 
weather-poles’’ on the compass-card, and in their 
exact diametral opposition, as also in the situation of 
the intennediato mean position. On the whole, how- 
ever, for each locality, and for each of jthe thiee ele- 
ments in question, it is found j)racticahle to represent 
its variation in terms of«the azimuth & of the direction 
of tlie wind, by the expression. 


E --= A -f Bj . sin. (^.-f Cj) -f . sin. (2 6-^ (.\) 

« 

in which is very nearly the same angle for all of 
them, and in which Bg the co-efficient of the term of 
tlie second order, is found to he small in comparison of 
Bj, that of the first, ^ And it is evident that the total 
harometric pressure p-f V, and the vapour-pressure "V, 
having both thi*^*, form of expression, their difference P, 
or the pressure of dry air, will admit of a similar one 
by a proper determination of its co-efficients, which are 
easily deduced from those of its component elements 
by putting 


Bo + 1^1 ■ sin. (() -f Cl) -p Pa . sin. (2^4- C^) 

-f + Vi . sin. ((?-f Ci) + Va . sin. (2 Ca) 

=.!>'. + P', . siD. (i + C',) + P', . ein. (2 0 

where I*' rqjpresents the mixed pressure, and the several 
numbered and accented letters the respective co-efficienta 
of the general Sormtilaj and which, reduiied by the 
usual trigcad<URelii<^al transformations, afford equatj^s 
aiij[ one set of these values may easily bcj 
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dorired from the other two. It is evident, moreover, 
withouf any calculation of .this kind (as M. Dove 
observes), that since the elastic power of the vapour has 
its maximum at the SW. point, where the total baro- 
metric pressure has its minimum, the dry pressure P 
must have its minimum there also; in other words, 
that Ci*beingj approximately = Cj 4* 180°, C'l will be 
nearly identical with C. 

^213.) Purstdng the inquiry still further, M. Dove 
fintHl^ as indeed might be expected, that these co- 
efficients are severally and separately, like all meteo- 
rological local elements, periodical functiSns of the 
season of the year, or of the sun’s mean lengitude; 
and he has been enabled to assign for several localities 
their spring, summer, autumn, and winter values, his 
conclusions having been completely established, in their 
general expression, by all subsequent observation. 

(214). It is sufficiently obvious, from the principle 
with which we set out (art. 208), that a similar series 
of relations ought also to subsist in "the southern hemi- 
sphere, mutatis mutandis ; that is to say, that the 
directions of the maxima and minima, instead of NE. 
and SW., will be SE. and ITW"., in conformity with 
the general law of the winds in the two hemispheres. 

(2 15.)*, As an example of the results obtained in this 
biuheh of meteorological inquiry, we shaft here set 
down the values of the co-efficients, in the expression 
E=» A + Bjfsin. (^ + C^) + etc. . . . . Ss calculated by 
Profi ^olinson from the series of meteorological obser- 
vations inad# nnder his superintendence at the Kadcliffie 
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Observatory at Oxford. These are {Radcl. Ohs. 1854, 
p, xxvi.) for the « 



' 

A 


Cl 

B2 

Temperature T 
Dry i*rcsgnro P 
Vapour-Prees. V 

48"-60 F. 
29’404 inch. 
0*307 inch. 

2®*34 

0*108 inch. 
0*026 inch. 

254^35 

75 S3 
259 39 

0 

0 

0 


where it will be noticed, that 180°H- 75° 33' = 21||P 33', 
and therefore, conformably to the theoretical views 
above delivered, the dry pjessuro has its minimum very 
nearly c^'iresponding to the maximum of temperature 
and of vapour-pressure. Whenever, as in this case, 
which is the most common, the terms of the second 
and higher orders, are insensible or nearly so, the co- 
efficient determines the maxima and •minima, so 
that the rcspeciive values of 2 will express the 
total amoilnt of fluctuation in temperature, pressure, 
etc., at the stationtj which have their origin in changes 
of wind. 

(216.) It is very easy to perceive that with this 
dependence of the great elements of weather upon the 
direction of the wind, the other features which stand 
to them in the’ relation either of immediate boilse^tiences 
or pi^o^^imi^o causes, must go hand in hand~such as 
cloud, rain, etc. ,For instance, at Karlsbad, from the 
calculations of •Eisenlohr, it appears that* during the 
prevalence fit SW, wind, 1 day out of 17.29 oh an 
onlj^is fee fem cloud, and during that of NE. 
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1 out of 3’04j the intermediate winds being accompanied 
with intermediato degrees oi frequency. So also for 
rain: 1 day out of 2*75 during SW., and one out of 
ir92 NE. ; the minimum of rain, however, here occur- 
ring with an E. or ENE. wind ; stormy weather 1 out 
of 17*36 of SW., and 401*50 NE., clearly indicating 
the inllTfeiice fif the headlong down-rush of the upper 
equatorial current of the anti-trades in the manner 
iufficated (art. 62). • • 

(SSi7.) N^ot less distinctly marked is the degree of 
frequency of each particular direction of wind in con- 
nection with the direction^* itself. Out o? 40 places 
enumerated by Dove in every part of European which 
sufficiently prolonged series of observations of the 
direction of the wind had been collected by him, 21 
have a very large and decided predominance of days of 
west wind,* 16 of SW., 2 only of hTW., and only one 
(Kasan) SE, We have already seen (art. 83) that the 
j}re valent wind in Europe generally is WSW. or there- 
abouts. After these, the other or*inferioT maximum 
occurs at E^ in 18 places, NE. in 11, N. in 5, and SE. 
in 6, the average direction of this maximum being 
about ENE., so that the position advanced in art. 216 
is fully borne out by observation. 

(218.) ^At the end of this work the reader will find 
a table containing the mean, the maximUai, and the 
minlpiipm values (with their epochs diurnal and annual) 
of the principal meteorological elements obtained from 
the data afforded by the best and most systematically 
conducted series of observations, being for the most 
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part those which have been carried on since 1840, in 
the magnetic and luetcorcvlogicaJ observations csiablished 
by the British, Russian, American, Belgian, and other 
governments, and national and local institutions, on a 
concerted system of hourly or bi-houily observation. 
They afford numerous and striking exemplifications of 
the laws explained above, and cl(‘arly shtyv Lhoir general 
applicability, especially as regards the contrary march, 
both annual and diurnal, of the humidity and valour- 
tension; the greaior range of the annual as compared 
with the diurnal fluctuations, and the dependence ol 
the average amount of va^)our present in the air, and 
the extent of both kinds of fluctuation on the latitude* 
It would have been easy to have covered our pag^s, 
indeed to till volumes with climatc^ogical records and 
statements, such as the reader will find in Humboldt 
Certtrale, t oL iii.), amassed by the nliligonce of 
Mohlman; in the more extensive collections of the 
latter and Prof. Hove, in the 4th voL of the Repor- 
ioriuDi der Physifi, and in the Reports of the Hi nato of 
the University of Kew York to Congress ; the Corre- 
spondanco Mdeorologtqne of the Russian observatories, 
Kot only, however, do the limits allowed us forbid 
the adoption of such a course, but we consider it more 
instructive to cojicentrato attention upon a carefully 
deteimiaed and selected cases than to diffuse it over a 
Inrger field of beyirildenng particulars. 
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Qptioal Phenomena of Meteorology. 

• 

(219;) L The Rainhow , — ^The explanation of the 
rainbow, suggested by Eoger Bacon, but only first 
clearly made out by Newton, is so familiar an illus- 
tration of the laws of coloured refraction in every 
treatise dn op^jjcs, that we should not have thought of 
introducing it into this essay but for the vagueness of 
id€St and misconception wliich.are generally prevalent 
respecting the origin of the sup^numerary bows,” 
i.(\f those coloured fringes which axe often seen in the 
interior of the primary rainbow, and more barely (on 
account of the comparative faintness of tbp whole 
phenomenon) at the exterior of the secondary rainbo'w. 
They have been explained by Dr. Young on his fertile 
principle of interferences, but his explanation (PhiL 
Trans, 1804) is so obscurely expressed, or rather indi- 
cated, as to be hardly intelligible, which is perhaps 
the reason why Kamtz, the most exact and industrious 
of reporters in matters of meteorological theory, wdiile 
assembling all the other explanations which from time 
to time had been put forth by Pemberton, Venturi, 
Braudes, and others (some of them very absurd, and 
with none of which he appears to feel satisfied), passes 
this, thoflonly correct one, in silence. Neither is it 
noticed by M. Pouillet in his recent elaborate EUmens 
de Physique^ who in place of it, offers a surmise as to 
their origin jvhich cannot be the true^one, and which 
is refuted by an experiment of M. Babinet, which he 
cites in illustration. Mr. Coddiugton, in his treatise 
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on reflexion and refraction, explains only the XewtoniaTi 
Bows, his subject not expending to the phenomena of 
interferences, while Dr. LK'yd, in his treatise on light 
and vision, contents himself with mentioning the fact 
of their having been explained by Dr. Young, without 
giving the steps of the explanation. We shall not, 
therefore, scruple to devote some small portioii of our 
allotted space to rescuing this very beautiful illustration 
of the law of interference from unmerited neglect. * 
(220.) Let ^ be’ the angle of incidence of a solar ray 
on the surhicc of a spherical drop of water (d being C 
when tlie Vay enters at the vertex next the sun, ar 
passes diametrically through the drop, and 90^ where 
just grazes its circumference), <p the corresponding angle 
of refraction, and fi the refractive index for a ray of 
any given colour. being greatest for violet and least 
for red rays. Then shall we have sin. . sin. <p, 
and the deviation of the ray by refraction will bo 0 -- <p. 
If the ray be reflected internally after entering the drop, 
it is easy to see, h/ tracing its course within the sphere, 
that at each reflexion an additional deviation In the 
same direction of 180® — 2 will take place, and at its 
final emergence a further deviation (still in the same 
direction) equal ^to that at entering or - p, so that 
thci total deviation after n reflections will amtunt to n . 
ISO® -f 2^r 2 (w-h 1) pj which is a function 6f & in 
virtue of the relatjon sin. ^ ^ . sin. p ; {a). ISTotv this 
function, whiclf is n* 180® when ^-0, diminishes as & 
increases (mhee being nearly f , 2 (n + 1) is 
necessapily greater than 2), and continues to diminish 
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until it attains a minimum, when its differential vanishes, 
or whefi d ^ - {n '^ \ ) d (p^ which by eliminating d (p by 
combiiiing this with the differential of e(][uation (a) gives 


sin. 0= 

and for the case of the primary bow, where w = 1, sin. 

~ V — 5 — in which substituting for fit, the exact refrac- 


tive indices of the extreme red and \Aolet rays for water, 
we titul for tbe red rays ^ --- SO"" 32', <p ^ 40° 22', and 
A (the deviation) =- 137° 3G^ and fur tbe vi«let tbe cor- 
responding values .58° 46',* 30" 30', 139° 32'. When 
e deviation is a mininium, the rays incident more and 
'1 )re remotely from the vertex of the drop, and which, 
jj to that point, were dispersed at their emergence by 
their change of deviation, cease to bo so, and emerge 
uarfdlel. An eye, tlien, properly situated with respect 
to tlie drop will receive a parallel red pencil of rays in 
a direction 137° 36' remote from tjiat of the sun, and 
one of violet in a direction 139° 32' remote from it ; or 
in other words, at the angular distances 42° 24' and 
40° 28' respectively, from the point of tho heavens 
opposite to the sun, whicli are therefore the angular 
radii of l^re elementary red and violet rainbows. 

• (221.) So far tho Newtonian explanation of the bow. 
As regards the fringes, if we put D = 185° — it is 
evident thf^t D will represent the* deviation of tbe 
emergent ray, not from the direction in which the 
suffs rays proceed, but from that in which the sun is 
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seen, and will tliorcforo express the dispersion outwards 
of the emergent ray from the latter direction, and will 
be a maximum when A is a minimuin. The parallel 
pencil of rays, therefore, by which the rainbow is seen, 
has the maximum angle of dispersion outwards from 
the sun, and all other rays at their emergence will 
have a less, whether their points of omergoaco be 
nearer to or farther from the vortex of the drop. For 
every such point, tlien, more remote from the verte.., 
it will bo possible ‘‘to lind a corresponding point less 
remote, such that individual rays {not pencils) emerging 
from both shall have the sa^ie angle of dispersion ; and 
which, of course, shall pursue parallel directions, and 
when incident on the eye shall be collecied on the 
same precise point of the retina, and shall therefore be 
in a condition to interfere with, and destroy or reinforce 
each other, according to the dilfercnce of , their total 
I)ath8 traversed Iwth witliiu and without the drop, 
before reaching the eye. 

(222.) Let A B D be a section of the drop through 
the sun (in the direction C »S from the centre C). Draw 
D E petpondiculai to C S; and taking the principal 
focus for rays refracted at the convex surface E A D, 
lot D G F bo the caustic of the quadrant D A. Let 
S Q G g, be the course of the pencil of rajp w^hich 
emerges parallel along q M (as the drop's contribution 
to the rainbow), and fedcing any point P between A 
and Q, draw P ft, touching the caustic ,in H, and 
cutting the surface in c. Then will P c be the course 
of the refracted ray before, and c p after reflection, and 
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2) L its ultimate diversion on emergence. From c draw 
c K it toucliing the caustic in R Tliis will be the 
direction of another ray ,S R after refraction, and sup- 
posing c r to be its reflected course, the incidences of 
the rays c p, c r, on the one side of the sphere will be 
symmetrical to those of c P, c E, on the other, and 
therefore P S and E S (regarded as rays from c refracted 
outwar^) teing parallel to each other, r IN' and p L, 



the courses of c r and c p after emergence, will also be 
so; and P, EwiU lie on opposite sides of Q, and^, r o/ 
bec^se as c approaches to G the point where the 
cai^tic meets the sphere, H and K both do so also, 4 
P and R approach and ultir^tely coinmde at Q, and 
p r at <2, the latter being the pohft ^t which cmitigmu^ 
rays emerge parallel. Thus, for every point of emer- 
gence p nearer the vertex than another r more remote 



218 


metj:oeoL(?<^y. 


has been found, under tho condition appropriate to the 
interference of the emergent rays. ^ 

(223.) Thus we see that eyery ray emerging between 
A and q will have a fellow ray emerging parallel to it 
between q and E, and interfering witli it by a difference 
of undulations, determined by drawing p in perpen- 
dicular to r N, and r n a (ireh^, having c fur its centre; 
for tho difference in questiun (^) will be expressed by 

9 

Yfh Vi %} / t * 

._/.\^7hero V are the velocities of light in air 

V V ''' 

and in water, that is, since : t? : : 1 : by r m — iM.n 
p. It is not necessary to go jnlo any calculation of tho 
value of this; it is sufficient that it increases regularly 
from 0 (when r and p coincide with (/) not merely 
bocamo both r m and n p rankh tberCy but because 
at q and its neighbourhood rm : : /a : 1, so that the 

parallel rays which form the rainbow have no dilferenco 
of phase, while as dm inclination of the (miergont rays 
y N, jp 7, to the visual ray of the rainbow q M increases, 
s(; does also tlieir ditforonce of phases. 

(224.) Tho larger the drop the greater are tho linear 
magnitudes of all the el(*nients coni 2 )osing its form, and 
therefore of r m and n p. and consequently d. Hence, 
tho same ilifferenco of angular directions between 
the rainbow and any pair of interfering rays w^ll ccjr* 
r respond a larger value of d tbo larger the drop, ajid 
therefore a greater diiFeifnce of i)haso and number of 
fringes ; or, in oth«^r words, the angular breadj/hs of the 
successive fringes arc inversely as tho diameters of the 
drops. then, the drops differ much in diameter, 
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and there bo no greatly prevalent average diameter, 
the fringes formed by one drop will confuse those by 
another. It is only, then, when owing to some exist- 
ing condition in the formation of the rain, there is a 
large preponderence of drops having very nearly the 
same diameter that these fringes will be visible. They 
are eftpecirdly well seen, and the whole phenomenon of 
the 'primary bow is exhibited with peculiar distinctness, 
^wheii In a sunny iiiorning^the eye is held close to a 
gossamer covered with dew (in pMectly distinct micro- 
scopio globules of nearly equal magnitude), the back 
being turned to the sun, and the head sb placed as to 
allow his light to fall •laterally on the net-w-ork on 
which the globules are strung like beads. Four or hvo 
internal fringes may be distinctly traced within the 
bow formed by an even undisturbed gossamer. 

(220.) The angle of dispersion D being a maximum 
for rays forming the rainbow, it is obvious that no drop 
outside of the bow can send to the eye any ray once 
internally reflected from the sun. Hence the greater 
apparent illumination of the ground of the sky inside 
of the bow. The rainbow ray is, in fact, the asymptote 
of the exterior caustic for rays twice refracted and once 
reflected. 

jr (2^.) In reference to the formation of a rainbow on 
or fog in the entire absence of jain (art, 93), 
Colonel Sykes, in his paper m the Meteorology of the 
Deccan Trans, 1835), relates a remarkable instance 
of one seen by him from the top of a precipice from 
2000 to 3000 feet in perpendicular height, forming the 
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north-west scarp of the liill fori of Ilarracharidarglmr, 
among the Grhauts, overlooking the plains of the Cefnean 
(Konkhun), densely covered with fog-cloudy rising some- 
what above the level of the precipice, but not covering 
it. Tinder these circumstances, having tlie sun at a 
low elevation at his back, ho says, A circular rainbow 
appeared, quite perfect, of the most vivid cplour^J one 
half above the level on which T stood, the otlier|*below 
it. Shadows in distinct outline of myself, my horse, ' 
and people, appeared fti the centre of the circle, as in a 
picture to which the how formed a resplendent frame.” 
“ From our prGximiiy to the fog, I believe the diameter 
of the circle at no time exceeded 50 or 60 feet. The 
brilliant circle was accompanied with the usual outer 
bow in fainter colours.” In the same paper, he also 
records lus observation of a white rainbow in a fog-bank 
near Poonab, within which he was riding. ** S^iddcnly 
» I found myself emerge from the fog, which terminated 
abruptly in a wall some hundred feet high. Shortly 
after sunrise, I tunied*niy horse’s head homewards, and 
was surprised to discover in the muinl terminatioii of 
the fog-biink a perlbct rainbow, delinod in its outl'mo, 
but dostiiuto of prismatic colours.” “ Niehbuhr in liis 
Voyage to Africa, describes a white rainbow, and Mr, 
St. John, in his Lives of Celebrated Travellers (iih^ 121), 
•mentions hav^g seen one, on the 2lst May 1839, in 
Komandy, on Hhe morning mist/” On the other 
hand, it should boniientioned that Mr. SinytJi, in his 
recent sqjourn on the Peak of Tenerilfo, with a cloud- 
less ^y s!ud perpetual sunshine above, and with a 
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boundless sea of cloud continually extended in all 
directions below him, nialc«s no mention of a rainbow 
being at any time formed upon it.* 

(227.) II. Halos . — Tliese arc of two kinds : the first, 
large circles of definite and constant diameters, one of 
45°, the other of 92°, and which are seldom both seen 
togetor. •The colours arq very feeble, especially of the 
largorl which, is usually almost or quite white. The 
formation of the lesser of thcjse, as explained by Mariotte, 
is due to the oxisjencc of minute prisms of ice floating 
in the air, having refracting angles of 60°, and their 
axes turned in all possibj^ directions. If we take a tri- 
angular prism of glass, and turn it about in* a sunbeam, 

* [The external portion of a very remarkable a,pj.H5arance 
observed by Mr. Cockin in Lancaster {PlhU. Tram. 1780 157) 
in a mist would seem also to have been the lower portion of a 
colourhissf rainbow, I may observe here in reference to the not© 
on p. 90 (§ 92), that in this account Mr. Cochin does distinctly^ 
notice, as a matter of surprise, ‘Hhe little humid partides which 
occasioned the mist, and which were floating around the bushes 
at about half an inch distance from one another,** “Avhere the sun 
shone” on them. But he does not call them huhhkSj and it is 
evident that what ho saw was not the watery globules themselves, 
but the infiiiiteflimal spark of light from each of the globules con- 
stituting its contribution to the rainbow, which, if the Ibciis 
the eye were not adjuBtod to its distance, might easily have been 
d^^edinto an annular appearance, or a disc mistakeable for a 
In reforence to the usual want of colour in lunar and 
it may he observed that the prisliatic colours are 
^ell distinguished in either very*brilliant or very feeble 
spectra- And as regards the non-form^iion of rainbows on 
clouds at very great altitudes, anyhow they evidently co^ild not 
be BO formed, the particles of the cloud being not glclBules, hut 
crystallized bodies.] e * 
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it -vrill refract out from one of its angles a coloured 
beam, whose deviation from the direction of the incident 
light varies as the prism is burned, being at first very 
great, but diminishing until at one point of the rotation 
the deviated beam becomes for a while stationary, and 
then (the rotation continuing in the same diioction) 
begins again to increase. Tl^ero exists, then, fo. every 
refracting angle of the prism a ininimum jingle or devia- 
tion, do 2 )endent on the refmetivo density and the angle 
of the 2 :)rism. In ice, with a refracting angle of 60° 
this deviation^ is about 23° for red light, and therefore, 
among an infinite multitude bf such prisms scattered 
through the air, a far greater number will throw out a 
refracted beam 23° inclined to the direct ray of the 
luminary than in any othet direction, since about the 
position of the maximum a considerable amount of 
rotation of the pri&tm causes but a very trifling: change 
in the direction of the refracted ray. At the angular 
distance of 23°, then, from the apparent jilaco of the 
luminary, there will a much larger percentage of 
prisnis in the visual line caimble of sending a refracted 
beam to the eye than at any other, and a dim circle 
.faintly coloured with red internally, and better defined 
witMn than without, will 1be scon. 

(228.) The halo of 92° diameter is accounted ^tor in’W 
mannit by refraction tlirough the angle of 
at which the sides of hexagonal or triangular prisms 
intersect tlioir basiSj and which in ice gives a*minimum 
devia&n ^or ted rays of about 46°* Besides the agrt^e- 
angles assigned by theory with the 
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measured semidiamcters of the halos, we have' a direct 
proot^ in the fact okserveA by Arago, that their light 
is partially polarized in a plane tangent to the circumfe- 
rence of their circles, that they consist of refracted light. 
The light of the rainbow, similarly examined, indicates 
reflexion as its principal origin, being polarized in a plane 
at rigfiik angles to the arc, or passing through the sun. 

(221.) Besides these principal halos there are smaller 
ones winch are fre(]uontly <secn encircling the moon, 
often two, very rarely three, and whicli are sometimes 
called coronas^ a very prox)cr distinctioi^ their origin 
being quite cliflercnt from that of the large ones as 
well as their colours, w^hich are much moro lively and 
inverse as to their order, the red being outward and 
the violet inward. When two or more are seen at once, 
the diameter of the second is double that of the first 
— of th© third triple. But the diameter of the 
interior corona (the unit of the scale) is not always tlie ’ 
same, varying from 2° to 4°. The succession of colours 
is approximately that of the reflected series of thin 
plates, and they are obviously interference fringes, 
and as such have been ^rery satisfactorily explained by 
Dr. Young, who considers tliem to arise from the , 
interference of rays 2 )assing on cither side of minute 
globule, all (or a preponderant average)* of which 
Iwe at the time very nearly the same siz*, assimilating 
them to the colours of fine eveutstapled wool or to 
lycoperdon dusted over glass, and* hold between a 
candle and the eye. Dewed glass so held often exhibits 
similar rings, and occasionally the coigaoa of th^ eye 
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itself becomes filmy by the diffusion over it of minute 
peptides which (such at l|5ast is our personal &pori- 
ence) exhibit round a candle two or three beautiful 
coronas, the second of 17“^ 57' in diameter, of vivid 
colours and most perfect definition. The reason why 
coronas are seldom seen round the sun is the dazzling 
brightness of that luminary. K its light be enfer bled by 
reflection in water, or by a coloured glas^ they i re often 
visible. Newton observed three such on one ’occasion 
by this means. * 

(230.) Interference colours are frequently seen ir- 
regularly disiributed over cleud masses. We had the 
satisfaction of witnessing a fine display of them from 
the Col du Mont Cervin on the occasion of an ascent of 
the Breithorn (Kleine Monte Eosa) in 1821, and since, 
in cirrostratus covering the sun, on Sept. 17, 1852, 
when the pink, blue, and green colours of a mackerels 
skin were visible in irregular patches. But the beauti- 
ful phenomenon which it was our good fortune to 
observe dn the 14th July 1841, at 4h. SOm. p.m., 
being, so far as our reading extends, unique in meteor- 
ology, appears to merit a particular description. While 
, tiding on that occasion near Hawkhnrst, in Kent, with 
a companion, the attention of both was attracted by 
thd pale ,|vell-defined silvery disc of the sun^^s seen 
thnOugh a ii^ry high cloud, of a character between 
' ijpro-stratus and cirp-cumulus — ^Hke a high mackerel 
;^4ky’' blotted by remarkably uniform fogr After a 
|bw mroe^ts we perceived the edges of the cloud to be 
beattifiifiy tinged with bands of Colour, not disposed in 
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a circular fonu round the sun as a centre, hut following 
all th(! sinuosities of the oijLtlinc of the cloud. The 
colours, commencing from the white area forming its 
interior, and proceeding outward to the edge, were — I**??, 
white ; 2dj very pale pink ; 3d, blue-green, a stronger 
colour ; if/i (at the edge), purplish pink, considerably 
intenscf| beyond which pure blue sky. At one place a 
5//i banJ of colour, blue-green (very different from the 
""blue of iiio skyj formed the q^ige ; the line of demarca- 
tion between this and ^o. 4 distin^dly running out at 
the edge so as to mf the outline of the cloud. What, 
however, was especially remarkable, was tliat t/ie sa^ie 
fringes were olmrmd bordering detached, jx^rfions of 
ncighhotiring clouds of similar character, the colours 
having obviously no reference to more or less proximity 
to the sun, hut depending on tlie fkickness of the cloud 
or the length of the path wdthiu it traversed by the 
^'isiblo ray. After watching this phenomenon for a 
quarter of an hour, the coloured bands grow broader 
and the tints very strong, find a tendency to form a 
corona about the sun was perceived. Probably with a 
<krkening glass, one or more might have been w^ell made 
out. It seems impossible to regard these colours other- 
wise than as the resultants of the super-position of a 
series o&interference fringes following a regular progres- 
i^ion of breadth (duo to a iwogressively iiyreasing size 
of the drops) from the exterior to^thc interior of the 
cloud, • * 

(231.) III. ParlSfljl and Arcs of light pg,8sing 
through the sun . — A horizontal hand of^ light is o«ca- 
Q 
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sionally seen to pass tlirough the sun when at a low 
altitude, and to bo prolon^d into a circle parallel to the 
horizon. This is evidentl;^ what would result froui 
reflection on, or refraction through, the faces of innume- 
rable ice prisms floating in pHrfecUy calm air with their 
axes vortical, but having their lateral Ames disposed 
equally in all azimuths. Minute crystals, j*vhejl*’formed 
by precipitation in a liquid at rest, alwayi arrange 
themselves with their axes parallel as they sime, whicfi 
may often bo rendered sensible by a silky* appeanince 
ill the L'quid produced by agitation (of which iodide of 
lead precipitated from a ‘dilute solution containing 
ether afiqrds a beautiful example). Under this condi- 
tion, then, the dispersed light, which in the halos is 
scattered in all planes equally, is here confined to a 
horizontal one, resulting in a briglit horizontal circle, 
the parhelia beir g the intensified effects of* a greater 
'condensation of the dis])ersed rays at the angles of 
minimum dispersion, corresponding to the halo itself as 
the circle does to th\3 difiused illumination of the cloud 
on which the lialo is depicted. 

(232.) Any one who considers the complicated forms 
of snow crystals (art. 120), and the various ways in 
which refractions and reflections, both external and 
internal, may take place among them, bearing^in mind 
also that icegh> douhly Q'efr active , and that at the planes 
of junction of macl^d crystals, phenomena of coloration 
of an intricate flkturo are pres^ted, will not be sur- 
prise4 to find a great variety {(implication of lumi- 
houjS arcs, ox less coloured, and intersecting one 
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another in such a way as to form singular interlaced 
patterns occasionally developed under the influence of 
a bright sun, intense frost, and generally clear sky, on 
the principles above explained; such, for instance, as 
the superb exhibition witnessed by Schemer at Eome in 
1629 , and repeated in higher perfection, and with 
fuller d5lail for several days in succession, at Moscow, 
jrhon occupied ^ by the French army in 1812 . This 
most strfcng pheiiomdnou, wiiioh is very seldom more 
than partially visible, consists of two brilliant halos 
about tlic sun, cut diametrically across by a horizontal 
circle continued all round the heavens, with well- 
developed parhelia at their intersections, and a third at 
a very large angular distance, more feeble, the intersec- 
tifjiis also marked with parhelia. At the summits of 
the two inner halos, and touching them externally, 
other circles, as it were their reflected images, pass 
upwards and include the zenith, that which touches the 
inner halo having a parhelion at the point of contact. 
Circles of this description are clearly not phenomena of 
interference, and can only admit of explanation by the 
intervention of. ice crystals. 

( 232 , a.) Fringes or glories of light, more or less 
coloured, are also often seen in fogs surrounding the out- 
line of thfe shadow of the head or of the whole person of 
the spectator. The inner portion of Mr. Cocltin's pheno- 
menon referred to in the note on § 2*26 would seem to 
have been of this nature — at least he refers it to his 
own shadow* It consisted* of two very regular concentric 
elliptic bands of ligjit surrounding the ^'#5liadow*^ afld 
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separated from each other by a broad dark band the 
inner, yellowish flame colour — the outer, rainbowHinted; 
on a base (the shorter axis ol' the Ellipse) about 10^ or 
12° in extent. 

(233.) lY. Polarization of Sky Light — This is a 
very mysterious and a very beautiful phenomenon, 
when observed by the aid of a polariscope, rtSasisting 
of a tourmaline j)late, with a slice of Icclaiil crystal 
or nitre, cut at right angles to its optic Jfxis, anS 
applied on the side of the tourmaline farthest from the 
eye. In a cloudless day, if the sky be explored in all 
parts by looking through* this compound plate, the 
polariz(’d fringe will be seen developed with more or 
less intensity in every region but that nearest the sun 
and that most distant from it — the maximum of polari- 
zation taking jplace on a zone of the sky 90° from the 
sun, or in a great circle having the sun fortune of its 
poles. The plane of polarization, whatever the direc- 
tion of the visual ray, passes through the sun, so that 
the cause of polarizSltion is evidently a reflection of the 
sun’s light on someMing. The question is, on what? 
Were the angle of maximum polarization 7 6°, we should 
look to water or ice for the reflecting body, however 
inconceivable the existence in a cloudless atmosphere 
and a hot summer day of unevaporated moltecules of 
water. Bu4 though we were once of this opinion (art. 
LrGHT, EncycL M^tropot § 114:3), careful observation 
ihas satisfie4 us that 90°, or thereabouts, the correct 
angl^, and that therefore, whatever be the body on 
which the light has been reflected, if polarized by a 
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single reflexion, tlie ‘‘polarizing angle” must l^e 45*^', 
and th^ index of refraction, '^kich is tlic tangent of that 
angle, unity ; in other words, the reflection would 
re(iuiro to bo made in air tipon air 1 The only imagin- 
able way in which this could happen would be at the 
])lane of contact of two portions of air differently heated, 
such jSi miijht bo supposed to occur at almost every 
point of th(i atmosphere in a bright sunny day ; but 
''against ^his there seems to bp an insuperable objection. 
The polarization is most regular dhd complete, as we 
have lately been able to satisfy ourselves under the most 
favourable possible atmospheric conditions,* after sunset, 
in tbe bright twilight ofV summer night, with the sun 
some degrees below the horizon, and long after all the 
tremors and turmoil of the air, duo to irregular heating, 
must have completely subsided. Even at midnight, 
tlj(j moonlit sky* exhibits the same phenomenon, bear- 
ing the same reference to the moon’s position as to that 
of the sun by day, the black cross of a polariscope being 
distinctly perceptible. The dilflculty, therefore, of 
conceiving the polarization as operated by a siugh^ 
reflexion is very great. On the other hand, if effected 
by several successive reflexions, what is to secure a 
large majority of them being in one plane (in which 

♦ It did So on the night of the evening referred to. ThiH 
■Was after a very hot day, and a series of very dry weather. Repeat- 
ing the ohservation the next lunation after copious rains, no trace 
of the crosw jr polarized rings could be anywljero discerned, and the 
skylight, examined by a doubly refracting prism, shewed only 
a feeble partial polarization in tbe most favourable position. 
Perhaps there was unperceived cirrus. ^ ^ 
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case only their polarizing effect >vould accumulate) ; and 
of those which become \|ltiraately effective, -sVhat is 
there to determine an ultimate deviation of 90° as that 
of the maximum ? The more the subject is considered, 
the more it will be found beset with difficulties ; and 
its explanation, when arrived at, will probahly bo found 
to carry with it that of the blue colour of t^ie itself 
and of the great quantity of light which, (ludiothor 
reflected, refracted, or fluojescent) it actually d||jcs send* 
down to us, and off which we confess our inability to 
render any account less unsatisfactory than that of 
Newton, wh6 refers it to reflexion on thin transparent 
particles. ^ These cannot be air, because there can be 
no reflexion upon air in contact with air of the same 
density. And they cannot be water, it being impossible 
to realize even in imagination the existence of globules 
or bubbles of th( requisite dimensions maintaining 
themselves unevaporated for an instant, when dissemi- 
nated through the atmosphere of a clear, dry, and sultry 
day, when through Rs whole extent there is no doubt 
of the dew-point being far below the actual temperature, 
that is to say, under conditions where a sheet of wet 
paper would become dry in a few inmntes — over a 
sandy desert, for instance, where rain never falls, and 
cloud is a rarity. We may observe, too, that iUis only 

where the pujity of the blue sky is most absolute that ' 
the polarization is developed in its highest degree, and 
that where there is the slightest perceptible^ tendency 
to cirrus it is materially impaired. Neither is it in the 
uppar regions, only that it is effected The polarized 



5?0IARI2:ATPDN of »sky light, 231 

rings are formed, though much more feebly, and under 
the sffme conditions of refejrncc^to the sun^s position 
below the limit of the visible horizon as above it, 
pi'ovidcd only the visual ray Lave a mile or two of air 
to traverse in full sunshine. 

(233, a.) M. Arago has shewn that there exists a 
neutra^i poi^t or point of no polarization situated in 
the verdcal passing through the sun, and at 150° or 
1 55° di|tant from the- sun. ^Sir D. Brewster linds tliis 
angle to be variable with the sun's^ltitude. When on 
the horizon he assigns 161° for its value, iind when 11 
or 12° high 168° or 169°^ M. Babinet ftlso indicates 
another neutral point leSs distinctly marked, at about 
18|° from above the sun when rising or setting. 
Several other less distinctly marked ‘‘ neutral points 
are also stated by Sir D, Brewster to exist, and a regular 
law indic^fited, according to which the polarization varies 
for different altitudes of the sun, for which, as wo see < 
no physical cause adequate to give rise to it, wo must 
refer the reader to his treatise on optics. Encyclopmdia 
Britaimka, xvi., 692. 

(234.) V. Colours of Clouds , — Whether or no pure 
air be an absorptive coloured medium, transmitting the 
blue rays and absorbing the yellow, we may be very 
sure tl^t the terrestrial matter which, in the form of 
* smoke, dust, and general undelinablo in^urity, defiles 
its lower regions, does exorcise an absorptive action of 
a contrary nature, absorbing the violet end of the 
spectrum and letting pass the red. This is quite suffi- 
cient to account for the red and golden^hues of stwiset, 
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and of those clouds which aro high enough to catch the 
last rays of the decljning^suii after its disiippearance 
from the horizon of the spectator on the earth* The 
red, and sometimes greenish, Hglit thrown on the 
moon hy the earth’s atmosphere acting as a lens, and 
concentrating on it light which has undergone its 
absorptive eflect, suiliciently indicates thp ii^ure of 
that absorption on a general average of the whole 
atmo3j)liero, which, however, is sometimes sijigularly 
suspended, and eveil changed into one of an opposite 
character, as in the instance of the bine sun seen at 
Bermuda frohi 6 a.m. to August 13, two days 

after the great hurricane of August 10, 1831, a pheno- 
menon which Arago has regarded as merely an ellect 
of contrast, but which, described as we happen to have 
it very circumstantially in a letter froin an eye-witness, 
we must consider i ) have been an objective rcj^ility. 

(235.) Professor Forl)es, in a very curious paper 
publislied in tlie Edhiburfjh Phil. Trans., vol. xiv., 
has shown that higji pressure steam, in the act of 
expansion and while still transparent, is highly ab- 
sorptive of the violet, blue., and a portion of the green 
rays of the spectrum; and in a second memoir in tlie 
same volume, suggests that without supposing absorp- 
tive coloration in the air itself, it may exist in a mixture 
of air and vapour, the latter being in that peculiar 
intermediate absorptive state wliich his experiments 
have clearly shewn under certain circumstances (cer- 
tainly very r4mc)te from atmospheric ones) to exist. 
Whether the ruddy hues above alluded to in the lower 
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atmosphere bo really owing to the presence of absorp- 
tive Jfteam, is doubtless question which may be 
ciittirtained and more fully discussed; but if the sky 
be blue by reason of absorption, that absorption must 
be of a directly opposite character most energetic 
on the red rays of the spectrum). [More recently it 
has bc%i o]js(uvod by M. Carr6 that ammoniacal gas, 
escaping from a pressure of two or more atmospheres 
into th^ air, as'sumes u decided blue colour, “similar to 
that of the smoke of certain woods*when huniing/’] 
(23G.) VI. Rf^fractlon^ Mmujey LateralJlejraction , — 
[The air being a refractive medium of vaiflhble density, 
diverts from its rectilinoSr course the lights of the stsprs 
and other heavenly bodies, thus giving rise to the 
phenomenon of “ xistronomical refraction.’* Calculation 
on the refractive power of air, agrees with experiment 
in assigning 33' 0"' for the mean amount of the “hori- 
zontal refraction,’’ and 57'''524 for that of a luminary 
at 45'^ altitude. When the ray does not traverse the 
whole thickness of the atmosphofc, the amount of re- 
fraction, of course, is less, but is very appretiable in 
increasing the apparent angular elevation of any loi'ty 
object seen from a lower level, and has to be allowed 
for in all trigonometrical surveys and other operations 
where •precision is required.] When the surface of* 
the soil is greatly heated, the air in ^contact with 
it is dilated, and while yet supporting the incum- 
bent atimaspheric pressure, its elasticity being in- 
creased, does so with diminished density. In such 
a case, rays of light coming from a distant object at 
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great obliquities, before they can reach the ground, are 
bent upwards by refraction, and pursue their further 
course as if reflected from tliti surface of water. Thus, 
to a spectator receiving both these reflected rays and 
those whicli, diverging from the same object, reach his 
eye directly, having never passed into the heated 
stratum, both the object and its reflected iipage^will be 
seen, the one direct, the other inverted, and joined by 
their bases, as if rising opt of a lake of stiljj water, 
which in arid dfiserts such a stratum of hot air exactly 
resembles. Under certain circumstances, on sea coasts, 
such a layer V)f hot air (drifted probably from a shore 
of heated sand) occupies a higher level, and in it, as if 
in a mirror suspended in the air, the inverted images 
of ships, mast-head to mast-head with the direct, are 
seen; and even in some rarer cases, again, another 
repetition of the image upright above both. -Singular 
instances of this kind are described by Professor 
Vince as seen at liamsgate {PML Trans, vol. Ixxxix), 
M. Eiot has given an ehihoralo explanation of the 
theory of such phenomena, in a paper in the Memoirs 
of the French Academy, The accounts of arctic 
voyages are full of extraordinary exemplifications of 
the same general principle, where the powerful radia- 
tion of mi arctic summer sun acts on a surfaceuloaded 
with ice, and ^produces great contrasts of local tempera- 
tiire- 

(237.) When ap current of heated air passes through 
a body of air generally colder, a lateral mirage is some- 
time§|, '^thotigh rarely, produced. Thus, on the Lake of 
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Geneva, the image of a boat sailing on it has been seen 
rollectccl on such a vertical^ plane of demarcation. A 
similar effect is sometimes produced by the sun striking 
on a wall. Wo remember when walking on a hot sunny 
day under the south wall of Kensington Gardens, the 
sun shining full upon it, to have observed the distinct 
rohcct^ii jf persons walking on the same footway, 
A single soldier, for instance, appeared as two ; the 
shape {^nd colours ol-tbe uniform being visible in the 
reflect(Ml image on the wall, whic4i appeared invested 
with a glassy, mirror-like coating. [Von Humboldt has 
recorded an instance of lateral rcfraction%)f a singular 
nature witnessed on the Teak of Teneriffe. The image 
of a bright star was observed to rise, move laterally, 
descend, and resume its former position, the excursions 
being very visible to the naked eye. A very similar 
phenomejpou is described by Eroehel as having been 
witnessed by him in one of his journeys near El Paso. — i*. 
{Seven Ycars^ Travel in Central Avterka^ p. 189.)] 

Aurora Borealis. 

(238,) As a meteorological agent, electro-magnetism, 
to which department of physics this phenomenon rcjfers 
itself, no claim to ho regarded. So far as has^ 

■ hitherto been proved, there is no meteorological effect 
either as regards temperature, moisture, barometric 
pressure, qf wind, which is in the*Siiiallest perceptible 
degree influenced by its most vivid displays. Tliey 
appear to be developed for the most pfirt in a rogi4>n of 
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tlie atmosphere too high, and of too great rarity to affect 
either our instruments or^(i^xcept on these oocas^ns) 
our senses, and the only “interest they offer to the 
meteorologist otherwise than as brilliant spectacles, con- 
sists in the evidence which they afford of tlie existenc(* 
of mm matter of inconceivable tenuity no doubt, in 
those elevated regions capable of being tbrpwn^dnto 
luminous state by the jmsage through it of the electric 
discharge. Whether electricity pasv^ing tlirojugh an 
absolute vacuum be^ luminous, we have no moans of 
determining by exj)eriment, since such a vacuum is 
beyond our power to producj), though the experiments 
of Davy would appear to Indicate that beyond a 
certain d(?greo of tenuity (already very extreme) in 
the gaseous or vaporous medium filling glass vessels 
admitting of inspection of what passes, the electrical 
discharge betwcni the poles of a battery pot onlj 
* })egins to bo less luminous, but the conduction itself is 
impaired. But in certain phases of an auroral display, 
indications of a very unequivocal character are afforded 
of a distribution of material substance in forms which, 
could ihey be seen under ordinary circumstances, would 
be called clouds. W^e allude to those luminous bandvS 
ext(mding across the horizon, and patchcKS of auroral 
, light which are either stationary or nearly so in {Jiie sky, 
but which, when attentively watched, are usually per- ' 
ccived to be slowly drifting southwards, and are gene- 
rally the preeursora of a more active phase of^the aurora 
when it bursts into streamers. These perhaps belong to 
comparatively less elevated regions, and possibly in some 
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v.iiseB to be itlenlifiable witli the very highest perceptible 
eir cloud* Eut besides *these, there are others pro- 
bably at a much greater elevation, and which become 
per(jo])tible only when traversed by those undulating 
pulsations of Ught, converging to the magnetic zenith, 
svhic'li constitute a marked feature of certain auroras. 
As a ilasb (*f what is calhd slieet-lightning (i. e. the reflec- 
tion of an unseen flash on a distant back -ground of 
cloud) ftvill often disclose the outlines of intermediato 
cloud otherwise unsuspected, so ifiese pulsations when 
carefully watched, wall ho seen to consist of W’^aves of 
light traversing regions^ (ff space, bounded by more or 
less definite outlines, within which light is njomentaialy 
dtwoloped by the passage of each pulse, and whowse exist- 
ence, as occupying place and having form, whatever else 
their nature, is only revealed to us in those moments, 
not as iif the case just alluded to by their projection as 
intercepting masses on a luminous grc|und, but as giving*^ 
off light out of their emm substance. 

(239.) The height of the auroral arch in that form 
in which it stretches across the sky as a luminous band 
at riglit angles to the magnetic meridian has been esti- 
mated on several occasions from its apparent zenith * 
distance as seen from different stations, vanously at 
from 90 to 300 miles above the earth. The inost^ 
unexceptionable determination seems to iave been that 
of anarch observed 8imultaneously.at Gosport, Keswick, 
and NewtJbwn-'Stewart in Scotland, *on Oct. 17, 4819, 
which, by the calculations of "^Dalton, PA/Z. Tra7iii, 1828, 
from the zenith distances observed, vjas 100 of 102, 
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miles above the eartb."^ It has been suggested that 
such measurenients are inccnclusivo, on the groundithat 
(as in the case of the raintow) cacli observer sees his 
own arch, and that no one spectator secs the sante arch 
as another. But it is obvious that this applies only to 
an optical imago reflected or refracted from some original 
source of light elsewlicro situated, whereas one can 
doubt that the light of the aurora originates nowhere 
but in the place where it is Kseen. A pknet o:^ comet 
might with ^qual justice be considered as the image 
(formed on some unknowui reflector) of some other 
planet or comet not seen. But the want of absolute 
fixity in the apparent place of the arc itself is a great 
obstacle to exactness of determination, as sucli obser- 
vations are rarely made at precisely noted and astro- 
nomically corrected moments of time. There is very 
positive evidoncA however, that auroral liglil/ has been 
''seen below the clouds (as in the Polar Seas by Parry, 
Sherer, and Eoss, on Jan. 27th, 1825 ; near the chain 
of the Eocky Mountauis in North America on December 
2, 1850, by Hardisty ; and at Alford in Scotland on 
Feb. 24, 1842, by Farquharson), nay, even habitually 

* [Quite rectJJitJy (March 9, I8G1) a magnificent aurora 
j)hHerved by Mr. Lowe at Nottingham, and by myself atllawk- 
Iiurst in Kent, afforded an excellent opportunity for detennining 
the height of It passed (as seen from Nottingham) over 

Jupiter, on or near the meridian, and therefore south of the zenith, 
at an altitude of abou*o52*. At or very nearly at same time, 
it attained at JIawkhurst {13(i miles south of Nottingham) an 
altitude of about 62^ also, but to the 7iort7i of the zenith. Ite 
boighlTtherefore aV>ve the ground was S3 miles.] 
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seen as if liovering over tlie Coreen Hills in the last 
iiienti»ned nciglibourhoofl, |it a height from 4000 to 
6000 feet (Farquharson, PhiL Trans, 1839), 


AIeteors, Shooting Stars, &c. 

(2#.) fall of a atone or a shower of stones from 
the sky would seem at first sight to bo quite as fairly 
entitlec^to be fcjgardod as a lyaeteorological jihenomenoii 
as that of a shower of hail; nay, lAilstonip are said to 
liave fallen, each containing a nucleus of iron p 3 rrites. 

At all events, falls of stoiy masses accompanied with 
a(3rial detonations and luminous appearances are too 
numerous and well authenticated to admit of doubt. 
Eut there is not the smallest reason to believe that 
such can be formed in, or anyhow collected from, dis- 
seminate^ particles scattered through the air, and on 
the contraiy, so great a mass of facts go to connectf* 
“shooting stars” with astronomical phenomena, that 
we cannot hesitate in assigning tfiem to that depart- 
ment of physics. Tliis, however, does not aj^ply to a 
claSvS of meteors of which the great one of August 18, 
1783, was an eminent example — great fiery globes, , 
of many hundreds, nay thousands of feet in diameter, \ 
(}viden% not of solid materials, being of fluctuating • 
and continually varying form, and givijig out most ^ 
intense light, many of them being compared not merely : 
to the moon in illuminating power, biffc to the fuU light 
of day. The name Bolis or Bolide has been applied to 
this class of phenomena. That above jnentionedHra- 
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versed the whole of Europe from the Korth Sea to 
Home, at an altitude to]er(|,hly well ascertained of about 
50 miles, and with a veldbity of from 20 to 40 miles 
poT scGond. Its diameter could not have been less than 
4000 feet, having been seen under an angle equal to 
one-third of the mooifs apparent diameter wh(ui verti- 
cally over the eastern counties of England, /rorf Edge- 
w’orthstown in Ireland, at a distance of at least 300 
miles. That it must hav^. been a body of e::^tremely 
small densiljp is eVident from the fact of its having 
made a sudden flexure in its course at a certain point 
of its progre‘ss. There is s<? much that is enigmatical 
about these bodies — the trains they leave behind them, 
and which often remain long visible, and change their 
aspect and form like luminous clouds; the immense 
velo<nty of some, approaching to planetary (yet far 
short of that of the electric spark), and the, complete 
^'apparcjit fixity of others; and their tendency (alleged) 

' to atfect the direction of the magnetic meridian (which 
that of 1783 certainly did) — as to take them out of the 
domain of exact science. In fact, no theory of their 
origin, making the smallest approach to plausibility/'^ 
^ lias hitherto been advanced, though the records of the 
t observations of such meteors would fill volumes, and 
1 may bo found by consulting the indices of almost every 

[The mo4^ plausible is that which assimilates them (as well 
as the slow-meWng “globes of fire” mariners are in the habit of 
talking about, at* seen '"to approach and sometimes strike their 
ships in violent thunderstorms), to the glow-discharge of a very 
enormous electric reservoir of low tension, venting itself through 
an imperfect conductor.] 
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colloption of scientific memoirs or notices, and every 
'>liilosoi)hical magazine and journal. See especially the 
reports of luminous meteors, from a.d. 338-1293, l)y 
Chaslcs March 15, 1841); the great 

rollcctiou of Chladni ; four reports by Prof. Powell to 
the B^tish Association, 1841-51 ; two. by M, Qiietelot 
to the lloj^d Academy of Brussels, 1839 and 1842; 
and Schmidt’s Resultate aus \{)-j0iri(jC7h BeohacMungm 
uhvr 

WuiRLWINDS, WaTPRSPOUTS, DuST-StORMS. 

« 

(241.) Whenever two currents of air running in 
opposite directions approach and graze one another, 
eddies Avill ariKse, the air of which, forced into rotation, 
compressed by its own imimlse, and finding no escape 
downwards or laterally, is driven upwards, and ascend^ 
with a vorticose motion, which, as a necessary conse- 
quence of the dynamical principle of the conservation 
of areas,'’ becomes swifter the nearer the indraughted 
air approaches the axis of the eddy. Whirlwinds so 
generated difier widely from cyclones, inasmuch as the 
ascensional movement is not the cause but the conse- 
quence of the indraught of air; they are whirlwinds of 
compression, whereas cyclones are whirlwinds of 
lion. The greater part of those violent* and sudden 
whirlwinds which are confined to'lynited and Hncar 
tracts of land, which, carry up into the air haystacks, 
unroof houses and scatter the materials around, t^J^ off 
brandies of trees, upset boats, and comfait other local 



342 


METEOROLOGY. 


havoc^ arc probably of Ibis kind. In sixcb whirlwinds, 
tho law of tho direction ^of rotation which the true 
cyclone obeys (art. 72) is not necessarily observed, and 
their rotation may bo indifferently direct, or retrograde, 
according to the relative situation and direction of the 
currents from which tliey originate. They aje often 
terminated by heavy falls of rain, a vt^ry obvious 
consequence of the ji^idden transfer of a great mas>s 
of air nearly saturated with vapour at the slrface cT 
the earth to a much higher level (art. 110) ; for the same 
reason, that ^is, that a fall of rain has been not ixnfre- 
qucntly observed to follow ^\'at natural conflagratioxis, 
as in the burning of forests or prairies in North America, 
or in volcanic eruptions, nay, is even said to have been 
brought on by fires kindled for that express pui‘poso. 

(242.) Whirlwinds of this kind taking place at sea 
give rise to waicrspouts {iromhes de mcr\ Miieli are 
*‘verj singxilar and sometimes dangerous phenomena. 
Tall columns, apparently of cloud, and reaching from 
the sea to tlie clouds, are seen moving majestically 
along, often several at once, sometimes straight and 
vertical, ^at others inclined and tortuous, hut always 
whcxx approached perceived to bo in, rapid rotation. 
At their bases the sea is violently agitated, and heaped 
a leaping or boiling motion. Indeed water 
iwwould seem/ at least in some cases, to be actually 
carried up in. cprfsiderable quantity, and scattered 
round from a great height, as solid bodies are on 
landi * Henco they havp been supposed- by some to 
draw water feoSin the sea by sitctio7i, a thing obTiously 
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impOBsiblo. A notion is prevalent among seamen 
that fliey may be cut asuiTiler and dispersed by firing 
a caimon-sbot tlirougb them, an effect for which no 
good rtjason can be rendered, and wlfich certainly 
savours of the marvellous. Appendages Evidently in ■, 
the^aturo *of imperfectly formed waterspouts are 
often seeiT descending from the under surface of rainy , 
clouds on land (we have such a one before our eyes — , 
August 5, 1857), like long^ooso ^pering tails floating 
in the air, but not meeting the eartb. Yie wod througli ' 
a. teh^scope, tliey are evidently seen be hollow 
vaporous cylinders or conoids — a light medial line or 
axis being clearly traceable through their whole length, 
and the rotation percei>tiblo on attending to the 
slight irregularities in theix outline (which is very 
definite). 

(243.) puring the hot season, in parched and sam^ 
tracts of flat country, whirlwinds of an opposite character 
arise from the ascent of the violently heated air in 
sheets or streams, determined by accidents of local 
exposure or by any slight elevation of the .-soil, uj) 
which gliding on all sides, the superficial air ‘becomes 
concentered for the moment, as wo see flames arise * 
and divide themselves. When this takes place on 
.large scale, a true cyclone may be thus gcn^S^ited ; » 
but if the ascensional movement he hf 9 keii up iiit# 
numerous partial ascending coluftiii^, the wind-flaws 
which sweep along the surface to feed them, where- 
ever they encounter one another, will from cir- 
'oumstance alone take on an eddyiflg motion and 
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generate whirlwinds, carrying up with them clouds of 
dust. These in the Africaif deserts, often appear as tall 
columns of sand, revolving and advancing, suffocating 
and actually overwhelming men and horses, and even 
armies (fis in the memorahlo expedition of Oainbyses 
into the Lybiaii desert). That the heat of a win^ ‘'/nus 
loaded with sand may be insupportable, or oVcn deadly, 
will be easily conceived when it is remopibercd that a 
sandy soil, down to seVeifal inches in depth, when 
undisturbed, nuiy under a tropical sun attain a tempera- 
tU3‘c perhaps exceeding 200"" R (see art. 38), and when 
suddenly swept up und mingred \vith air, itself already 
greatly heated, will comimuiicate its accumulated heat 
to th(^ general atmosphere, and impart to it, at the 
same time, a drying power proportioned to its elevation 
of temperature and absence of vapour. The destruc* 
tive effects attTibuted to tile Simoom are* readily 
(»xpiicable on this view of the causes of its heat, with- 
out attributing to it^ any poisonous quality ; and the 
Simoom itself is not improbably in the nature of a 
cyclone so originating. 

(244.) The *^dust whirlwinds'^ of India, which are 
' very frequent in the district about Lahore and in the 
Punjab, are sometimes stationary for a long time, some- 
^ times advance with great rapidity. “ The sky fs clear, . 
lead not a bi^ath moving ; presently a low bank of 
clouds is seen in horizon, w^hich you are surprised 
you did' observe before ; a few seconds have passed 
and tji^ cloud has half filled the hemisphere, and now 
iht^ is no tim^to lose — it is a dust storm, and belter- 
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slceltor every one rushes to get into the house in order 
to escape being caught in it/' A broad wall of dust 
is observed advancmg rapidly, apparently composed of 
a number of large vertical columns, each preserving its 
respective position in the moving mass, and each 
tJOhijnn- having a wliirling motion of its own/' Pre- 
cisely *11] same phenomena in kind are observable iu 
all cases of dust storms, from one of a few f(iet in 
diamet^.T to those’ that c«ct(?nd for iifty miles and 
upwards/’ ‘‘Their rotatory action seems to bo con- 
tinuous above as far as tbo eye can reach, and the cloud 
of dust carried up by them, even at tbo height of some 
thousand feet, to possess a gyratory motion/', Towards 
the close of a storm of this kind a fall of rain suddenly 
takes place ." — Baddcley on the Dust Stornw and 
Whirlwinds of India, As might ho expected from tlie 
powerful friction of the dust on the earth when dragged 
along and in the act of leaving it, the air in thSe 
columns is highly electrical. Mr. Baddeloy states that 
during the passage of dust storms, he obtained vivid 
sparks, and in some cases streams of electricity, from a 
wire suspended irom an insulated hainhoo, winch would 
instantly cease on the fall of the terminating shower. • 
(245.) A vast quantity of solid matter is thus carried 
up int<f the higher regions of the air, and no doubt (;orf^ 
veyed to great distances, where it sometimes falls, intei;^ 
mingled with rain. Along the we^t coast of Africa the 
air is frequently loaded with (ht*ifted*dust, which covers 
th^ decks of ships far out of sight of land. Nay, oven 
on the peak of Teneriffe, up to tho height of f0,700 
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L^ct, Mr.* P, Smyth rekles that tho air during his 
sojourn on tlio nioiuitain very frequently rouvlered 
liuzy by floathig dust, of wliieli there W(‘ro often s(‘veral 
strata, separated by perfectly clear intervals Avhieh 
could be distinctly traced as projected on the distanir 
Taouiitain heights of IMiua, far above the *r 

cloiid-lcvcl (described in art. Ill) and of Biu:h density 
UvS totally to obscure the sun previous to his de&i'ent 
below the cloud level. Shpwers of fish, frogs, jlannel 
(matted conforvre), blead (<‘dible fungus), inlusoiia, and 
other una< eountalih* substanciis, are among the more 
palpable evidences on record erf the elevating ami traus- 
])orting iKWer of whirlwinds. 

(246.) In conclusion, wo subjoin a table of the mean 
values and annual and diurnal average maxima and 
mini Ilia, at a few select stations, of the chief meteor- 
ological (‘lemon s of temperature, pressure, *va])our- 
tuiibion, humidity, and cloud, not as embodying any 
general climatological results, but in illustration of 
the main features of meteorological action laid down in 
the foregoing pages. In the table, to save room, the 
letters B, P, V, T, II, C, B, are used to denote rospec- 
► tivoly the total barometric pressure, that of dry air, and 
that of aqueous vapour or the vapour- tension, the tom- 
♦^eraturo of the air, the degree of relative humidlly, th(^ 
"" amount of cloipd estimated in tenths of the hemisphere 
covered, and the rain or other aqueous precipitatiou. 
Capital letters arfe used to indicate the annual and 
montl^y means, corresponding to the months of annual 
maxifiia and minima, whether simple or multiple, the 
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moans for tlio whole year being entered in the column 
marked and those for the maxima and minima in 
their order of succession anS their epochs, in the sub- 
sequent columns 7, 5, &c. Similarly for the diurnal 
march of the same quantities, these are represented by 
letters: their means (being identical with tlie 
aunuai«i4gans) are not repeated in col. a, but their daily 
maxima and uiinima, with their epochs, and houns of 
their occurronte, reckoned from noon^ occupy the sub- 
sequent cohimns. In the monthly* epoclis, (3), (2), (3), 
<fec,, represent January, February, t^c.. Where -J. occurs, 
whether in the indication, of the month* or the hour, 
the average moment of flie maximum or minimum falls 
on or about the limit between two consecutive months 
or hours. These epochs are, however, only approximate. 
The barometric and vaporous pressures are in English 
inches, the temperatures in degrees of Fahrenheit’s 
scale, and degrees of humidity and cloud in hundredths 
of their respective units, viz., complete saturation, and 
a totally clouded sky. 
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* Tffese resiilts, deduced ficra tlie oT?scrvations made at the Imperial Observatory, Prague, differ very materially from 
those givea by Herr Karl Firtseh as rcAsalting from the disenssion of observations taken in the University Observatory. 
eiam ftir dc>i Hof k<)nt von PfhgJ 
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(247.) The student who wishes to obtain a deeper 
insight into the subject 9 f Meteorology than <cai 3 i bo 
conveyed in the limited space we can devote to it, 
will find ample information in the following works, 
which however form only a small portion of the im- 
meni?e literature of the subject : — 

JEpinm de distributioDe Caloris. 

Albany Tnstitute. Annual reports of its Regents to the Senate — 
Do., Report of tb® Committee for Term Observations, 
trails, ii. ^ 

Anderson. Description of an Atmometcr, Ed, Phil. Jour., ii. 04 
Annales do I’Olj'^oi’vatoire Physique Ccntrale de Russie, publics 
par I’ordro de sa Majesty Nicliol^s I. 

Armuaire Magnetiquc et Metoorol. du Corps des Ingcnieurs des 
I^ines do Russio. 

Apjoltn. Theory of tho Moist Bulb Hygrometer, Edin. Phil. 
Trans, xvii. 

Arago. Notices Scientifiques, Annuaire dn Bureau des Long. 
Paris— 1824 (vari(,us Metoorol. Notices) — 182G,'Po. — 1828, 
• Rayonuenaent Nocturne — 1833, Influence de la Lune — 1834, 
Etat Thermoin. dii Globe Terrestre — 1835, Puits Artesiens 
^ — 1838, Sur lo Tonnorre. 

Atkinson. Refraction and Decrement of Tcmporaluro, Mem. 
Ast. Soc. ii. 

Bacon. F. de Ventis, 1CC4. 

Baddeley. On Dust Whirlwinds and Cyclones in India. 
Becmria- Dell’s Elettricita Atmosferica. 

Beechey^ (Capt.) Narrative of the Voyage of the Blossom to the 
^ pacific and Behring’s Straits, 1825-6'7-8, vol. ii., ^Meteoro- 
, logical Journal . 

Be^n&cnJbcrg, Die Sternschuppen. 

Biot. On Mirage and lyjusual Refraction, Mem. de PAcad., 1809. 
Birt Tabulae Ancnflometrica), and Anemologicae, reports to the 
, British Assoc, on Atmospheric AYaves, 

Bhdget Cljjmatology of the United States, London, 3857, 
(^rubney atnLCo.) 
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Bouvard. Influence fle la Lune sur TAtmosph, Tern.; Corr. 
Math et Phys. do rObs. do Bruxelles, viii. 

Bravais and Martin. Comparaiteons Barom. faitcs dans le Nord 
de nilurope, Mem. Acad. Brux., xiv. 

BrcwHier (Sir D.) On the Mean Temperature of the Globe, 
Edin. Phil. Trans, ix. — On the Distribution of Heat 'in the 
Arctic Regions, Do. — Results of Therm. Observations at 
Leith Fort, Do. x. • 

Biiist. ^^atalogue of Indian Hailstones ami Meteors — Provisional 
Report on the Met. Obs. at Colaba, Bombay, 1844. 

Cacciatore. Do. EedigeruMs ad Unicam Hcriem Comparabilem 
Obs^rvationibiis Met , Palefmo, 1832 — Letteia sullo Osser- 
vazione Meteor., Palermo, 1825. ' 

Carrel. Obs. Met. faites a Aoste. Bibl. U. do Geneve, 1842 

Castellani, Richercho buU’ Aumento dclle Pioggie, Turin, 1848. 

Oavallo. Atrnosph. Elcctrigity, Ph. Tr., 1776, 1777. 

Ohladni. IJeber Feuermeteoro — Nouveau (llatalogup des Chutes 
de Pierres, ou de Fcr, des Poussieres, &c. &c. — Annual re du 
B. des Long. Par., 1825. 

CokhrooJe. Abstracts of Capt. Webb's Obs. on the Himalayas, 
Jour. R. I., vi. 

Oordier. ^On Temperature of Interior of the Earth, Mem. Acad 
Sci., 1827. — (Transl, Ed. P. J., Noa. JO* 11.) • * 

Correspondence Met. de I’Obs. Cenlrale Physique de Russie. 

OoUe. Metcorologie, Paris, 1774 — General Results and Axioms, 
Jour, de Phys. xliv. xlv. 

Crosse. Account of an Apparatus for Ascertaining and Collecting 
the Electncity of the Atmosphere, 

D' Alcmhcrt. Sur la Cause Generalo des Ventes, Berl. 1747. 

Dalton. On Rain and Dew, Manchester Mem. v. — On the 
Constitution of Mixed Gases, Do. — Met. Obs. and Essays, 
Lon(J, 1793 — On Constitution of the Atm., Phil. Tr., 1826 -ti 
— O n height of Aurora Borealis, Ph. Tr., 1828. 

Daniell. Meteorological Essays — On the ConePtitution of the 
Atmosphere. • 

Darwin. Ph#Tr., 1788— (E’irst suggests thh Self-cooling of Air 
■ by Ascending to a Higher Level.) 

D'Aubuisson. (Variation of Temperature with the Lati/;ude), 
Jour, de Phys. Ixii. 
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He Jaic RechoicliPh sur les Modifications de i’Almohph , 
fipiiova, l772-“Id6G8 sur la Mctcorologio, Loud I'JHO— On 
H}groinotry, PIj. IV, HOP—On Evapomtion, do , 1792. 

Ihhson On the Hannatian, P. T , 1781. 

Oove Tables of Mean Temperature, Rep of B Absoc , 1R47 — 
MetcoroJogisdie ITntorfiudiuiigen — Jutioduction to vol. iii 
oi tlic Mag and Mot. Obs at Uobart Town, V D L — Meni 
Acad, Beil., 1846-P('ggoiidorir, Annalcn, 1829 — Ueber 
die ni(ht-pcriodibchan Aonderungcu der I’emperatfif-vr rthei- 
lungtri nut dor Oborfiache der Eidc. Ueber die periodiseben 
Aciider ungen dcs Druckes dor Atmosphare,» 1860 

AVf Oil V( sides and Atmosfliorcs of Electricity, Phil Tfans , 
177.) ' 

Brmann Ueber Boden und-Qucdlen-Temperatur — Reise uni die 
Eide— U».bf-r Eiiiige Bdioiu Beob., Poggendoiff, Ixxxviii— 
Meitorol. Boob, bci Einon See Boise, Schumacher’s Astroii 
dahib, 3810. 

Pbilosojihy of Storms, Loud , 1841— llepoit on Metcorol 
ofU S. 

bhtzroy (Rear Admiral H ) Meteorological papeis compiledTiy, 
.irid imblished by the authoiity of tbo Board of Trades 1867, 
e seq, 

EoiHp Ed Pb 'UjNo. 27 

Foilhft On Horary Oscill. of Barom., Ed. P. T xii — Rcpoit to 
Blit. Assoc, on Meteorol , 1832 — Supplementary do do, 
IKIO— On Decrease of Temp with Height, Ed. P. T, yiv,— 
On ’'J’ransparency of the Atmosphere, IdiiJ. Tr. 1812— On 
Temp, ot Soil at Different Depths, Ed. P. T. xvi.— On the 
climate of JMinbnigh for 56 yoais (1796*1850), deduced 
principally from Dr. Adio’s observations, &c, Trans. R.S 
Ldin., xxii. part 2. 

^rmilUn, Pliil and Met, Obs. Pli. Tr., 1755, 

FritHck Periodiflche Erscheinuugen irn Wolkenliimmel, R. 
Ikdiem, Acud. V, Folge, Bd. It.— G rundzuge einer Met. fur 
den Horizon t von I?rag. 

Galbraith. Barom. Tables, Ed. 1833. * 

Glawher Hygrom. Tables, Lond., 1847.— On Correction of 
Monthly Means of Met. Obs., Phil. Tr., 1848— On Nocturnal 
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Kadiation/r. Tr., J847 — “Meteorology” (Hughes’s reading 
hor^ks, a useful brief coiupoudiiim). 

Iladhy. On the Cause of the ll-ado Winds, P, Tr., 1788. 

Ilalhy. On Heat of Different Latitudes, P. Tr., 1C93 — On Eva- 
poration, do,, 1686, 1694. 

Ifarris (Sir Snow). Climate of Plymouth, Eeport B. A. 1839— 
Oil the Preservation of Ships from Inghtning. 

Ilartnup, Kosults of Mot. Ots. at Liverpool, 1851-2, &c. * 

Harvey. Art. "Meteorology, Encyc. Motrop. 

//m. (Aix la Chnpellc) iihcr Stemschuppon, Kiiln, 1849. 

Jlersrliel, W. Observations of the Sun, and on its Variable 
EuiKsioii of Light and Heat, “Phil. Ti^., l801~Supplemcntary 
Paper on Do.— Do. do., p. 354. 

Herschel. .T. F. W Reports to B. Association on Atmospheric 
Waves, 1843— On Effect of the Full Moor/ in Clearing the 
Sky,.uiV76 infra, Lcvelmc {Earl of). 

Howard (Luke). On Clouds, Askesian Mem., 1802-3 — Climate 
of London — On a Mot. Cycle of 18 years, Ph. Tr., 1841^ 
Barometrographia — Appendix to do., Lond., 1854 

Hudson. Hourly Obs. and Experimental Investigations of the 
Barometer, P. T., 1832. 

Humboldt^ Personal Narrative— A sie Ccnlralo— Kosmos— On 

Isotherms, Mem. d’Arceueil, iii On Temp, of the Tori^d 

Zone, Ann. do Cliim., 1826— On Inferior Limit of Perpetual 
Snow, do., xiv. (Transl. Ed. Ph. T.,^iii. iv. v.) — Voyage aux 
Regions Equinoxiales. 

Hunter. On Temperature of Spriugs, Ph. Tr., 1788. 

Hutton. On Rain, Ed. Ph. Tr., i. 

Instructions for Making and Recording Met. Obs, Manual of 
Scientific Enquiry, pubi, by the Board of Admiralty— By R. 
Irish Acad., 1850 — By tho 'R. Soc. Report of Committee of 
Phy^cs including Met. 7, 1840. • 

Ivory. On Astronom. Refractions, Ph. Trans., 1823. 

James (Lieut. Ool. H.) Abstracts from the M/t. Obs. taken at 
the Stations of the R. Engineers in the year 1853-4, with a 
brief discussion of some of the Results ^nd Notes on Meteor. 
Subjects. 

Johnson. Met. Obs, at RatoHffe Observatory, Oxford. , 

Johnstony Keith, Physical Atlas of Natural P^nomena. 
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Kdmtz, Meteorologie— Oil Isobarometric Lines — Jahrb, der 

rhys. und der Chim., 1827— -Bulletin des Sci, Math., x. 

King (Capt. B.N.) Met. Jour.';oii board H.M.S. Adventure in 
Survey of S. Coast of South America, 1826‘30. 

Kirwan. Estimation of Temperature in different Latitudes, 
Lond. 1787 — Mem. i., Acad. viii. 

Koller. Gang der Warme in Ocstcrreich (Kremsmiinster, 1841) 
—Discussion of 10 years Observations at Kremsniim.ster, 
Linz, 1833. 

Kupffer. Temp, du Sol on l*Air, Bull. Phys. Math, do I’Acad. 
Imp. Petersburg, iv. — On Springs and EaVth Temp., Pog- 
gendorff, xx. ^ '* • 

Lambert. Meteorologie — Pyrometria — Mem. Acad. Eerl.ncO, 
1771, 1772 (Hygrometry, &c.) 

Lamont. Darsl^jlluiig der Tcmperatur — VerbHltnisse aiit der 
Oberflache dor Erde — Abhandl, dor Wiener, Akad. ii. 
Abth. u 

Lawson (Brig. Gen. T.) Army Meteor. Register for 12 years 
1843-54, compiled from observations made by the OfKccrs ol 
the Medical Dep, of the Army at the Military Posts of the 
Army of the U. States, Washington, 1855. ^ 

Leslie. On the Relations of Air to Heat and Moirture — On 
^ Climate (SuppK Encyc. Brit.) 

Lind. On a Portable Wind-gauge, Ph. T. 1775. 

Lowe. Climate of Nottjngham, 1853 — Barom, Tables and In- 
structions, 1857. 

Lovelcwe (Earl of) On Climate as connected with Husbandly, 
Lond. 1848. — (N.B. has a note, p. 31, on the Tendency ot 
the Pull Moon to clear the Sky, from the Obs. of 80 Full 
* Moons, by Sir J. Hcrschel.),, 

MMmann. Beob. der. Temp. derMittellandischen Mecres Pogg., 

4 Iviii. Mittlere Werhaltniss der Temp. Auf der Oberflache 
, der Erde (Dove’s Repertorium, Bd. iv.) 

Mairan, P, AcS&d. 1719-1761. 

Mamy. Nautical Monc^raphs of the Observatory, Washington, 
U. S., 1859, tL & 5 r--“Storm and Rain Charts»of the North 
and South Atlantic. 

Mayer^ De yariationibus Thermoznetricis Accuratius Deflni- 
eadis, Op. indi, i. 
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• 

Mecch. On the Relative Intensity of the Heat and Light of the 
SuT] upon Different Latitudes of the Earth.—- Smithsonian 
Contributions to Knovvledgef 1855. 

Meteorological Society (of London), Transactions and Council 
Reports. • 

Ofverhom, Discussion of the Stockholm Ohs. of D;iily Tempe- 
rature, Ann. of Phil. 1813, i. 

Olmsted. On tho Recent Secular Period of the Aurora Borealis, 
—Stmthsonian Contributions to Knowledge, 1855. 

Parrot on Meteorology Gilb., x. 

Parry (Adml. Sir E.) - Journal of a voyage of the Ilecla and 
Griyer in search of a NW. Passage in 1819, 1820. 

Pictet. Essais de Physique. * 

Piddingion. Niueieen Memoirs on Cyclones in tho Indian and 
China Seas — Sailor’s Hornbook. ^ 

Plantarnour. Besnm6 dcs Dbs. Therm, et Bar, a. Geneve, Mem. 
Soc. de Ph. et Hist. Nat. Gen. xiii.— Do. des Obs. d. Gen. 
et Mont St. Bernard — Archives dcs Sci. Phys. ct Nat. h 
Geneve, xv„ 

Pouillet. Elcmens de Phys. et de Mttcorol. — Mem. sur la 
Chalcur Solairo, Comptes Rendus, 1838. 

Prewst 4 De la Chaleur Rayonnant. 

Proceedings of the Mag. and Met. Conference at Cambridge, 
Brit, Assoc., 1845. 

Quetelet Mem. on Annual and Diurnal Var. of Temperature at 
Different Depths, Brux., 1837 — Ca^al. 1 and 2 des Priucipales 
Apparitions dcs Etoiles Eilantes, Acad, Br., 1839 — Sur lo 
Climate de la Belgique—Ohe. des Phenomenon Periodiques 
—Obs. des Variations Periodiques et Non-Periodiques de la 
Temperature, Ac. Br. xx^i. • 

Bamond,, Obs. faites dans les Pyrenees. 

Bead, v^ummary view of Electricity of Earth and Atmosphere, 
1795 — Meteorological Journal of Atmospheric Electricity. 
Phil. Trans., 1794. # 

Bemmur. On Thermometers, Mem. Acad. Par., 1750, 1751. 

Beid. Law^^f Storms — On Storms and Vtifriable Winds. 

B^field, On Tides and Currents of the Ocean and Atmosphere, 
American Journal of Arts and Sciences, xiv.—Keport of 
Meteorology of New York to Regents of iJniversity, State of 
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Kew Yoik— On Atlantic Ilunicanns, Unifod States Naa \l 
Magarine.— On tlic (Jomscs of Wliiilwindei, Aniern id Jodi 
nal of Arts and Sciencea X'sxv.— On \ ioleiit (^'ohinjD.n 
^V^lirlw’^nde which appear** to have resulted Iidtd 
F ires, Conncclicut ITinted Statos Academy AOs and 
Sciences, 1839.— EcmarkR on Esj)>*s Tliem^ ot ( f’ltufvtd 
Ilnriicanes, Kewhaven TTnitod fetatfs, 1846— On 
wind Storms, New Yoik, 1812. 

BedVvuhcr. Constanton fur Kumfimunstu*. Linz, 

Mohinson. Description ot Impiovcd Anemomete i , K 03 1 Tmh 
Academy, xxii * 

downing. On a New Constiyctmii of a BaromOcr, ThiJ 1 1 in , 
1773 • 

Moehuck On Heat of l^ondon .and Edinburgh J^hil. Tiaus , 1 7 / > 
Bnsft, Sir J. C. Arctic Voyage of the Eiebus and Ti nor 
Hoy {Qm.) On the Ikiomctiic Me^smenjont of llcipht [‘hil. 
Trani , n77. 

ISahme. rcndulum Experiments, Jjond , 1825 (Atmospln tn. li 
Notices, p. .506, etc) — Ktpoit on Metcoioloc'V of 'Joroito, 
Blit. Assoc., 1S44— Oi Lunar Tide at St. llehnn rii. 
Traus., 1847— On ■VTcteorology of Bornb.iy, JI 1 . 'I’rans., is.'),; 
— On IVriodic md Non Periodic Vaii.ili on s of Teinpcr.iiinc 
, at Toronto, Ph. 4 Trans., 1853. 

Saussifre, Voyages dans les Alpes — Essais do ITIygromehu^ 
JSchoiiw. Specimen Ocographiaj Physiem Comparata? Ihitia^c 
aur Vcrglcichenden SOiiuatologie — Bibl. U. xxjiv. — (Ihuo 
metric Changes.) 

Schijhle\ Atmoaphoiic Electiicity— Bibl. Univ., xlii., Jahibmdi 
der Chem. mid Phys , 1829 — Ed, Jour. Sci., New Scries, iii. 

4 — Gilbeit’s Ann., xxxix , xlix., Ji. 

Scoreaby. Account of tbe Arctic itegions — Meteorological Essays. 
Schuchhirgli* Observ. for Heights of Mountains, Phil Tiaiis, 
1777. *■ 

Boeult^of Met. Obs. in the Collegio Eomano (1850-56), 
Bibl U, 1857. 

Sinohas (Don J. M. Bico y). Kesumcn de los* tral^ijos Metooro 
logieos verificadoH en el Real Observatorio de Madrid, 
jSTjj. On Meteorology, 1794— On Local Heat, Phil. Trans , 1784, 
37 ^ 8 . 
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Keports on Meteorology of Scotland, Edinburgh (Murray 
;irul Gibb), 

On Atmospheric Tides, and the Meteorology of Dekhan 
I^hil. Trans , 1835 — Observations in India, Phil, 
rrans., 1850. 

Introduction to Meteorology. 

Saggio Metcorologico — Della Vera Influenza Degli 
vstri, 1770— On Cliuiates, Acad. Pad., iii. ^ 

dor hei dor Mel. Inst, zu Berlin gcsammclten Erge- 
miKso doi Wettcrbeobaclitnngen auf den Stationen des. 
t'rcnssiisclyjn Staats, 1855, et aeq. 

<lcir Witterung iui IJordlichen Deutschland. 

‘R'cr (Sear). On Periodic Meteors (if' August and November. 
ih. riiiL Tr , 1853 — A<‘count of four Balloon Ascents. — 
Phd, Tr., 1850 — Account of the construction of a standard 
Barometer, atid tlescriptton of the AppariAus and proces-ses 
I'Uj ployed in the verification of Barometers at tlni lCe%v 
^ILstTvatory. • 

^ *. On Dew. 

u:pM. Ou a N«^w AneinoTneter, T*** C. H.P.S. vi. 
t^'llaon. On a Ih markabh'! Cold in Glasgow, Ph. Tr., 1780. 

Wallaaton, On tho Finih' Extent of the Atmosphere, Ph. 1'r. 

Young* Course of Lectures ou Natural, Philosophy, and the 
Mechanical Arts {espcciallg Ute Catalogue of Meteorological 
Memoirs, etc., in vol. ii.) 




INDEX. 


Tlie references arc to the numbers of the sections or articles into whicli 
the woik is divided. 

Absorption of the sim’s rays by the} atmosphere, 10; of 
terrestrial radiant heat by do., 37. * 

lightning flashes of extraordinary length in, 13D. 

Acid, carbonic, a constituent of the atmosphere, 17, 21. 

Aciine, the unit of solar heat-radiation, 14. 

Actinopicter, Herschel’s, its construction and use, 14. 

Actinometry, 13, et seq. • 

Africa, cflect of on tho limits of the trade winds, 06; its 
rainless deserts, 110. 

Air, general consequences of its mobility, 3; its nature, 
density, electricity, rate of expansion, etc., 15; its 
chemical constituents, 17; not an atomic compound, 
ibid; specific gravity, and weight of cubic foot, 18, 8.9; 
•its dilatation produces winds, 55; barometric pressufe 
of dry mr, distinct from that of vapour ; its laws of 
^ictuation, 165, et seq, {See Atmosphere). m 

Altitude above sea; its influence on meteorological pheno- 
mena, 161 ; its special influence in ]^oduciiig diurnal 
baroiuetric oscillations, 177. * , 

Altitudes, barometric determination of in balloon ascents, 
27; formulge for barometric estimation of, 19, 26; 
Laplace^s, 30; Sir J. Herschel’s, 3^ 
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Ammorua, its bluo colour on escaping from pressure, 235. 

Anemometers, various constructions of, 81. 

Anemometry, 81, et seq. . • 

Antitrade Winds, 62, 63; transport rain from the equator 
to the poles, 113. 

Anvil shaped clouds, 106. 

Ajyjohn (Dr.), his formula? for reduction of hjgrometric 
oljservations, 8J)- i 

Arayo, his observations on atmospheric electricity, 131; 

on temperature of equatorial seas, 190; on a point of 
• no-polarization in the sky, 233 a. 

Arch, auroral, its heighj above the earth’s siuface, 

An;e, Iliver, fogs formed over, 96. 

Asia, its influence on the trade winds of the Indian ocean, 
67. * 

Astrachan, climate? of, 195. 

Atkimon, hisdiypotliesis respecting the decrement ol' At- 
mospheric teniperaUire, 27, 32. 

Atlantic Ocean, limits of the trade winds in, iind of their 
annual oscillations, 66. 

absori)tion of sol iir heat by, 10; of ter^restnal 
heat, 37; its pm'>suTe, 16; total weight of in ])ound8, 
i?; homogeneous, what, and its. height, 18; decrement 
of density, 19; question of its finite limits, 20; 
habitual dryness of its upper regions, 88; not in a 
state of statical equilibrium, 77 a, 161. (See Air). 

Atmospheric Electricity, 126, et seq, {^ee Electricity). Tides, 
their nature, 76, et seq,; diurnal, 77 a; annual, 78. 

Amrora Borealis, 238; height of, 239; of a recent one, 
239, note. 

Met^rologiced, mode of detennming, 150, *153; 
^ (see Rain); of temperature of day and 

sh^t series of oWrvations, 182. 

Nitrogen. 

BaUmt, obsemtion of a point of no polarizatiuon in sty 
ligh% 233 a. 
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Bacm (Lord), 69. 

Badd^leij on dust whirlwinds in India, 244. 

liallpoH AsceM$, their advantages in haronietric researches, 
27; their ap])li cation to such researches, 29; baro- 
metric t’orniuJyo founded on, 34; remarkable pheno- 
mena observed in, 116, 201. {See Gay Lussac, Green, 
Bush, Welsh). 

Bandf^oi light passing through the sun, 231. 

Barnaoul^ summer and winter temperature at, 195; table 
of meteorological elements at, 246. 

Barometer^ its mean heighj at the sea level, 16; great 
hiiutiial depression il‘iii certain* regions, 162, 

Barometric pressure^ law of decrement in an atmosphere of 
unilbrm temperature, 1 9 ; do. for temj>erature decreas- 
ing uniform by, 26: do. for true law of decrement of 
temperature, 34; atmeted by the introduction of vapour 
into the air, 54; diminution of in proceeding from 
tropics to equator, 54; distribution of, 161, 163; 
annual and diurnal fluctuations of, 165; resolved into 
dry and vapour pressures, 165, 166, et seq.; exhibits a 
doqble maximum and the rationale thereof, 169, et 
seq,; table of gross pressures at vaitous places, 175; do. 
at normal stations, 246. 

BaroTivetrie fo^s, 97* 

Baxendell ^Ir.), his views of the state of aqueous vapour in 
the ail’, 109, note. 

Bmlt (Dr.), first notices the diurnal oscillations of the 
barometer, 174. 

Beechey (Capt.), his observations of deep sea temperatures* 
37. 

Bermuda, a focus of hurricane paths, 72. 

BernouilUf his computation of efflux of air under pressurcf 
57. • 

Bessel, his formulas for comput^tiqp of most probable 
meteorological co-effleients, 153, et seq, 

Binmy (Mr.), his observations of falling waterdrops in deep 
pits, 109. 
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* 

Bioty his h3rpothesis res 2 >ecting the decrement of toinjiera- 
ture, 27, 

Birty his “ great November waVe 80. 

Boblayey 22 . 

BoUdeSy 240. 

Bombay y great rainfall at, 115; average do., 115; tabh* of 
meteorological elements for, 246. 

BorlasCy remarkable effect of lightnmg described by, *140. 
Borrowdaley remarkable rainfall in, 114. 

Boussuiqault. his observations on the temperature of the 
soil, 188. , 

Brandesy his calculations of pentliemeral temperature^, 106. 
Brava (s^y his imitation of halos, 121 ; his barometric obst’r- 
vations, 173^. 

Brewster (Sir D.), his observations^ on polarization of sky 
light, 233 a-y his treatise on optics, ibid. 

Bricky its radiating power, 47. 

Brisbane (Sir Thos,), results of obser^’ations at Makerstoun, 
246. 

Brooke y liis self-registering photographic apparatus, 159. 
BrusseUy table of meteorological elements for, 246., 

Bui^t (l)r,), his account of Indian hailstonns, 118. 

CallaOy formula for the diurnal march of the barometer at, 
176. 

Calm latitudeSy 61 . 

Caloric y indiant; its propeities, 37; latent of steam, 51; 
of water, 53. 

Vandeishy great hailstorm at, 119. 

Ca^je of Good llopCy teniperutim^ of the soil observed at, 
«^8; phenomenon of the table cloth, 99; thundeAtems 
• at, 141. 

Carbonic acid aS a constituent of the atmosphere, 17, 21. 
CataloyM of meteorological works, 247. 

Catherimhirgy table of meteorological elements ^or, 246. 
Cam^Sf^ general, of meteorological phenomena, 3 ; direct 
indirect, derivative, 4. 
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Cavallo^ his reseaxchee on atmospheric electricity, 128. 
extraordinary rainfdll at, 115. 

Centrifugal force ^ correction if or in barometric formula 3 , 31. 
diurnal lliictuations of temperature at, 179. 

Omrcoal^ its radiating power, 47. 

Cherra Ponji^ enormous rainfall at, 115. 

Ohili^ snow level in, 125. 

Cirro cumulus^ 104. 

Cirro stratus^ 105. 

Cirrus y 103. 

ClmatCy its 'dependence on geographical situation, 
continental and insular, *40; sol^r and real, 56. 

Climatology y general piinciples of, 143, et seq, 

CloudSy 98, c? seq.; Howard’s nomenclature of, 98, 100, 
seq,; anvil shaped, 1.06; ascent in* sunshine, 107; 
descent by gravity,'* 107; constitution of, 107; of the 
trade winds. 111; on Teneriffc, fro-ten at great 

altitudes, 121 ; their relation to ascending vapour, 
197, 205; extreme liiimidity in, 204; fonnation of 
by up-di veiled cim’cnts of air, 90; on table mountain, 
99; several distinct levels of co-existing, 205; colours 
of, "234; coloured fringes seen on, 230. . 

Coasts y east and west, tj^eir dilTerent meteorological hald- 
tudes, 114, 195. 

CocJciny remarhable optical phenomenon observed hy, 226, 
note. * 

Coeficients of meteorological formula, 153; how best 
determined, 150, et seq. 

Cold luoduced by evaporation, 61 ; by expansion of air, 24.'* 

Colladmiy his researches on atmospheric electricity. 128. 

Conder^ation of vapour, a- source of heat, 51. 

Conduction of heat 39, 45; of electricity, 134. 

Congo y mean temperature of soil at, 189. ' 

Continentaly climate, 40, 195. 

Coppery radiating power of, 47. 

Cordiery 22 . 

CordilleraSy snow level in, 125, 
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Coreeri hills, aurora frequent over, 239. 

Corona, 229. „ 

Cornea of the eye, p}ienomeiia-3inalogaus to coronae, caused 
by films on, 229. 

Cotton, radiating power of, 47. 

Coulomb, bis researdxes on atniospberic electricity, 128. 

Cumberland, its rainy districts, 1 J 4. 

Cumuto stratus, 106. • 

Cumulus, 98, 101; its a])j)earaiice an indication of tbe 
ascent of vapour, 200. 

Currents of tbe ocean, tlieii’ influence in distributing heat 
and moisture, 84, seg.; in a globe uniformly cttvored 
by sea, 84. 

Curves expressing connection of temperature and pressure 
in balloon aticents, 29, 30; exjxressing values of mete- 
orological averages, 148; isometeoric, 149. 

Cyclones, 72; their explanation by Prof. Taylor, 73; 
African, 243. 

Dalton, hjs law of mutual inelasticity of gases, 21, 87; 
* bii experimen s on evaporation, 50; his law of yapour- 
,tension, 52. 

Dankil on terrestrial radiation, 46; on striking distance 
of voltaic electricity, 139, note. 

Decrement of temperature in ascending into the aOnosphere, 
22, 26, 21, et seq.; its rate near the surface of the 
earth., 22; causes of do., 23, 24. 

Deductive metlu)d of inquiry inapplicable in Meteorology 
in general, 4. 

De Olos, an early obseiver of the diurnal oscillations of 
•fc-the Ijarometer, 174. ^ 

*Delcrime (Capt.), his account of large hailstones, 118, 

Dclw^ his vieVs respecting vapour in tlie atmosphere, 
87. ^ * 

Density of air, 18; duninution of, 19; law of in an atmo- 
sphere of uniform temperature, 19; at various altitudes 
its ‘decrement^ 19, 21. 
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Des JIaijcs*\\\s, observations of diiimal OHcillation* of the 
barometer, 174. 

Jhwf 1>1, €t seq.; circumstances favouring or opposing its 
formation, 91; electricity of, 130; cause of do,, 135. 

Dew point, f<;r the most part coincident with low^est 
night temperature, 178; very low observed on Tene- 
rilic, 203; nil o}>serv(Ml by Mi'ssrs. Green and Rusli, 
203. 

Dtffirdoii of gases, Law of, 21. 

Diffusion at Fogs^ 97 a. 

Direct and ip>dircct -action of meteorological causes, 4. 

Dove. 67; liis law of rotatvii of wriiids, 69; calculatioJi of 
winds at various places, 83 ;• explanation of rlouble 
maxinumi of barometric x>re.ssii re, 170, 1 74- conclusions 
respecting the average tem 2 )eiatur(?s ^f the two liemi- 
spheres, 191; vieivs* of dependence of temperature, 
moisture, etc., on direction of winds, 20 7, ^ et seq. 

Drgness, habitual, of uj^per regions of atmosphere, 88, 197, 
203; relative, 199; absolute observed, 203; on Tene- 
rilfe, 203. 

Dublin, table of meteorological elements fur, 246. 

Dulong, 41. 

Dust, transported to great distances by winds, 245, 

Dust whirlwinds in IncJia, 244. 

Dynamical measurement of solar radiation, 14. 

Earth, its mean diameter, 1 7 ; mean temperature of surface 
of its hemispheres in summer and winter, 191, 

Edinburgh (Port Leith). Formula) for diunial fluctuatiot^ 
of temperature at, 181. 

Eeles, his theory of lightning, 135. 

Eiscnlohr, his meteorological results for Karlsbad, 21 if! 

Electricity, Atmospheric, 126, eU seq,; its diurnal variation, 
127,128,131; method of exjdoring, 127; its general 
cliarac^ier vitreous, 128; increasei in ascending to tlie 
higher regions of the atmosphere, 129; annual vari- 
ation of, 131; at sea, 131; its origin, li>2;^ epochs 
T * 
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of Uiumal and annual maxim am and niimiim, 131; in 
wliat state existing, 134; its dinmal fluctuation ex- 
plained, 135; inefficient as a cause of great atmospheTic 
movements, 137; its quantity discharged during storms, 
142; its agency in the production of aurora, 238; 
development of in dust whirlwinds, 244; and in 
volcanic emptions, 133. 

Elemmts, Meteorological^ tables of for different selected 
. stations, 240. 

England, its west coasts rainy, and why, 114. 

E}) 0 clis of maxima and minima of barometric pressure, 174; 
of atmospheric electricity, 431; of temperatui'c, 184; 
201; of humidity, ^201, 202; of vapour-tension, 201; 
of cold on the earth, 102, 

Equator, Temperature of the sea under the, 37, 38, 65. 

Equatorial calm region, 61; raihs^ 110, 112; seas, their 
uniformity of temperature, 100 

Equilihrium of temperature, 41. 

Escliinann, 22, 

Evaporation, of water, its rate at various temperatures, 50; 
of ice and snow, 125; accelerated by wind and other 
causes, 50, 125; abstraction of beat by, 51; elertiicLty 
de'/eJoped by, l32. 

Eccentricity of the earth’s orbit, itS effect on temperature, 
8, 184, 191. 

Farquharson (Dr.), his observation of aurora borealis at low 
altitudes, 239. 

j^aulhorn, 10, 

Fcrilli (volcanic lightning), 133. 

Flahes of snow (see Snow) ; their melting a possible cause 
W vesicles, 121. 

Ffanml^ its rad|ating power, 47. 

Ftax, its radiating power, 47^ 

Fluctuations, diumabmid annual (see periods, etc., for the 
several phenomena) ; laws of how determined, 1 62, seq. 
radiation j 93 ; river, id>id; in low grounds, reason of, 
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ibid; over shoals at sea, 96; barometric, 97; di^usional, 
97 yellow, 102; electricity of, 130; do. accoimted* 
€or, 135. ^ 

Forhcs (Prof.), his observations on extinction of solar heat 
in the air, 10; researches on temperature of soil at. 
various depths, 39; on the colour of high pressure 
stciira, 235. 

Formula;^ BessePs for probable means of ineteofrological 
observations, 152; for diurnal fluctuation of barometer 
at vScweral jilaces, 176; for do. of ttmiperature, 191; of 
Kamtz /or mean temperature of a place, 182; fV»r 
obtaining the mean temperature by three obser\"ations, 
182; for annual temperature* of places in the extra- 
tropical northern hemisphere, 184; for dependence of 
heat, moisture, and pressure on th# wind’s diiection, 
208, 209, 210, 2\2.* 

Franklin^ his demonstration of the eJeetpe nature 
lightning, 126. 

Fringes interior of the rainbow, their theory, 221 ; of 
interference on clouds, 230; surrounding shadow of 
spectator, 232 a. 

Froeb*!^ his observation of a case of lateral refraction, 235. 

Frosts j severer on lew grounds than on moderate (Eleva- 
tions, 94. 

FuJgurltcSy 140. 

Gas^ ammoniacal blue colour assumed by, when expanding, 
235. 

Oases, mutual inelasticity of and law of their diffusion, 2i. 

Gay Lussac, his balloon ascent, 21, 22, 31; computation 
of its height from different foimulaj, 26; his obsjjirva- 
tfons on atmospheric electricity, 129. , 

Glaisher, on terrestrial radiation 46, et my.; his hygru- 
metrical tables, 89; bis figures of snow spangles, 120: 
liis researches on me^n annual te^uperature, 186. 

Glass, mdiating power of, 47. 

Glow discharge of electricity, a probable caus(? of ccrUiiu 
phenomena, 240, note. 
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Gohi\ desert of, 110. 

liift observations of tbe diurnal OBcillations of the 
barometer, 174. ^ 

Graphical process for determining altitudes in a balloon 
ascent, 28. 

Orass^ its radiating powcjr, 47. 

Gracel, its radiating power, 47. 

Grem^ lies ballon ascents, 22, 31. 

Greenu'ich^ pbenonninon observed at, 102; march of Vem- 
j>erature, hmnidity, and vapour tension at, 201, 202; 
table of meteorological elements Jbr, 246- • 

GulJ-streata, 86, its influence oft climates of Irelami and 
tlie west e.oast of England, 114. 

Hadley^ his explanation of the tra.de winds, 59, seq. 

ITail^ lie, ef seq, its cause, 117; gri'ut storm of, 117. 

Ilall-sto'iOis, sU'Ucture of, 118; instances of very large, 116; 
aggiHjgated by rcgehxtion, 1 1 9. 

Halos f 227, ct seq,; explained by ice crystals, 227, 228; 
imitated artificially, 121. 

IfamiHoii (Sir Wm.), liis observations during an eruption of 
Vesuvias, 133. » . 

JIarSsty, his observation of an aurora below the clouds, 
239. 

Heherdcui (Dr.), his ohservutions on rain at different levels, 
109. 

Heaf^ solar and terrestrial, their distinction; abstracted by 
evaporation, 51; its dimatological distribution, 178, et 
• seq.; solar, its annual fluctuation, 8; sensible and latent, 
24, 25; mode of its propagation through water, 37; 
rough the soil, 38. ^ 

flerschel (Sir W,), his views of the dependence of solar heat 
on the spot jb the sun’s disc, 7 ; (Sir J.), his measure of 
solar radiation, 11; actinometric experiments, 14* 

Heyne, his account uf^ great haD stone, IID. 

Hinialayos, level of perpetual snow on, by what causes 
affected^l25. 
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Ifoar-froU^ 91. , 

Bofiart To/rn^ table of raetebrological elements for, 246. 

Homof/eneous ufmos2>herf^, 1 8. 

Horary oscillations of barometer, etc. {8ee Barometer and 
Fluctuation). 

Ilorshuryh, his directory, 67. 

Hourft most proper for meteorological observatigns, 1.^)8, 
J82. 

Howard^ his nomenclature of clouds, 98, et seq, 

ilumholdt (A. Von), 22, 54, 56; his observations of re- 
markable rain -falls, 1,15; on level of perpetual snow, 
fl23, 124; of diurnal ORcillati®n of barometer, 173; of 
lateral refraction, 237. 

Humidity of the air, wlmt; its scale; n^lativc, what, 199; 
its march contrary 'to that of vapour tension, 2f)(); 
epochs of diurnal maxima and minimi^ 201; annual 
do., 202; singularities in its law of ascensional decre- 
ment, 204, 205. 

Hurricanes ^ velocity of wind in, 57; nature of, 72; of 
Iiulian Ocean, 72. 

Hutchhmn (OrJiliam, Es(i.), his accomit of thunderstorms in 
Jamaica, 141. * i 

Ilyyrometer^ Jlyyrometryj 89, et seq.; 197, seq,; iiygro- 
metric fluctuations, 197. , 

Ice, melted per minute hy solar radiation, 11; its artificial 
fnnnation hy nocturnal radiation, 49; primitive fona 
of its crystals, 120, 121. 

Ice-hcrys, juoduce fogs, 96. 

Ice-caves, 125. 

Indwi, diurnal fluctuation of temperature in, 179;^ dust 
whirlwinds of, 244; hail in, 118; manufactui'e of ije 
in, 49. ^ 

Inelasticity, mutual, of gases, 21. * , 

Insular ^imates, 40. 

Interference of light, rainbow fringes produced by, 221 ; 
coronas, 229; colour’s and fringes m clouds, 230. 
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Interplanetary spaces^ tlietr temperature, 22, 36; density 
of air in, 20. 

Ireland^ ite west coasts rainy, aifd why, 114. 

Irkutsk y its suinmeT and winter temperatures, 195. 

hoharometric curves, 149; Isocheimoi%al,i\.o.\ Isogeothermal, 
do ; Isotheral, do ; Isothermal, do., 1 49 ; the ] utter 
agree generally with sphjerolemniscates, 192, 193. 

Isomeieoric cnirvcs, see Isoharonietric, etc. 

Jamaica, daily thuiiderstomis in, 141. ^ 

Johmon (Prof.), meteorological ^formulsD and results for 
Oxford, 215. t 

Joycuse, great rainhiU at, 115. 

Kiimtz, his actinometric observatio‘ns,on the Faulhorn, 10; 
Ins work on meteorology, 67; calculation of averages 
of winds, S3; explanation of certain phenomena of rain, 
109; his isobaromctric curves, 149; calculations of 
diurnal inarch of temperature, 181 ; of barometric 
pressure, 176; of annual temperature, 183, 184; law 
of decrement <;1‘ do, on receding from the equator,, 194. 

Karlstad, climate of, ^16. 

Kasan, average direction of wind at,*exceptional, 217. 

Kent, Weald of, radiation Jtogs frequent in, 93. 

Khasyah Hills, immense annual rainfalls in, 115. 

Kirwan, his researches on decrement of temperature on 
globe, 193. 

Kislar, low winter temperature of, 195. 

I&te, electrical, 126. 

Kotzehue, 37. 

KratShnAtein, his argument in favour of vesicles, 92; ‘case 
• where it is inapplicable, 93. 

Kwpffer, his isogeothermal lines, 149, 189; his calculation 
of annual march of temperature at Petersburg^ 183. 

Jbahe districts of Cumberland and Westmoreland, their 
rainy* character, d 1 4. 
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Lamhert, liis law of the decrement of temperature, 27. 

Lmn^fiilacks radiating power of, 47. 

Landy its hahiiudes in relation to solar heat; its radiation 
and conduction; in what respects ditfereiit from water; 
superficial temperature of, 38. 

Lenzy his calculation of Kotzebue’s observations of ocean 
temperature, 37. 

Leslie^ his explanation of the decrement of atmospheric 
temperature, 24, 25. 

Ldjhtrdnrfy ct .\cq.; its electrical nature proved, 126; 
immediate cause of, in n storm, 135, 136, 137; length 
of flashes, 139; extraordinary tk). in Abyssinia, ration^ 
ale of, ibid; singular effects of, 140. 

Londy his observations of the snow level on the Himalayas, 

125. . ’ 

Londoriy phenomenon presented by the smoke of, 102; 
average rainfall in, 114; climate of (sec Gfrcenwich). 

Loxvey his observations of the fonns of snow spangles, 
120; of an auroral arch, 239, note; table of meteoro- 
logical elements from his observations for Kottingliam, 
24^. 

Mackerel shy, 164, 

Madrid y table of meteorological elements for, 246, 

Makerstoun, table of meteorological elements for, 246. 

Malety his accomit of a hailstom in Candeish, 119, 

MariottCy 69. 

Maxima and minima (see Epochs), double, 131, 169, 

Mayer, liis law of decrement of mean temperature on the 
globe, 194. 

Maseds (Abb(5), bis experiments on atmospheric electrteity, 

126. 

Mercury, its specific gravity, 16; dilatation, 16. 

Meteor, gi;eat, of 1783, 240; Meteegrs, supposed annual 
partial obscuration of the sim by, 196. 

MeteoroUtes, 240. 

Mete<yrology, its general scope; etymology, etc., 1, €t seq. 
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* his observations on rainfall in Cumberland and 

Westmoreland, 114. 

Mirage^ 236; lateral, 237. 

Misty 92. {iSee Fog). 

MoUture, its di^stribution through the atmosphere, 203. 

{See Humidity). 

Mons<mi.^y 67. 

Mould (garden), its radiating power, 47. 

Movntamy Table, 99. 

MoniifainSy barometric measurement of Altitude) ; their 
effect in determining the {formation of cloud, 99; do. 
the fall of rain, HE; Elhasyah, 115. ^ 

N'ertschuishy tablf of meteorological elements for, 246. 
Ncwfoandlandy fogs of, 96. *■ , 

Niebuhr^ his observation of a white rainbow, 226. 
y tedermeifiingy ice preserved in cpiarries of, 125. 
yimbus, 106. 

yUrogeny its proportion in the atmosphere, 1 7. 

Xorwag, its climate aftected by the gnlf stream, 86. 
yottinghahiy table of meteorological elements fur, 2^6. 

• *' 

Obliquity of incide nce of Rimsliine,»its influence on tempe- 
rature, 9, 10; on ab|«orption of heat in the air, 12. 
Ocemiy its division into three basins or regions of tempera- 
ture an(l density, 37 ; Atlantic, Pacific (see thosi' 
heads), Indian, monsoons of, 67. 

Qchotzky Sea of, habitual depression of barometer in and 
near, 162. 

O/verboniy his calculation of i)enthemeral temperatures for 
^Stocjlilidlm, 196. •' 

\}]f>ti€al phenon^eim of meteorology, 219, et seq.; a remark- 
able one seen by the author, 229 ; ScheinerV great 
phenomena, 232t , 

Ord- (Ross-shixe), extraordinary hailstone at, 119. 
Os^illatiom of barometer, annual, 165; diurnal, 171, 173, 
et double maximum of, 174. 
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OdtT^ liis anemometer, 81. 

Oxfgrdy fonnulse for dependence of meteorological elements 
on the wind, 215; ta bit of meteorological elements for, 
246. 

Oxyfjeny its proportion in the atmosphere, 1 7. 

Oz(ir\£, produced by lightning, 137. 

Pacific Ocean, limits and oscillations of the trade winds in, 
65. 

Padua^ barometric pressure expressed in a formula for, 
176; temperature (diiimal),.do., 181. 

Paifielia, 231; g^eat displays of ji at Home and Moscow, 
232. 

Paris f rain at ditferent levels at observatory, 109. 

Parry (Oapt.), aurora, seen by below cloucLs, 230. 

Payta^ barometric formulae for, 176. 

Pentfmncra of temperature, 196. 

Periods, annual and diurnal of meteorological phenomeuu, 
(see Pressure, Tem})erature, etc.); decennial, 186; oi 
11*11 years, 7; of 14 years, 186. 

Periodicity of meteorological phenomena, general view of, 
143, et scq.; a general principle *bf, 144, • 

Persia, rainless districts of, 110. 

Petersburg, formulae for annual fjuctuation of temperature. 
183; table of meteorological elements for, 246. 

P^eiit, 41. 

Philadelqyhia, table of meteorological elements for, 246. 

Phillips (Prof.), his observations of rain on York Minster. 
109. 

Photography applied to self-registry of meteorological phe- 
nomena, 159. • 

Piddnigion, his researches on the law of storms, 72. * 

Polarization of rainbows and halos, 228; of skylight, 233, 

Portugal^\is> wet and dry seasons* 113. 

Pouiilet, his measurement of heat absorbed by atmosphere 
10; of the solar radiation, 11; his pyroheP<)meter, 14 
his rcseai'ches on atmospheric elec1«:icity, 132! 
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^rague, tal>le of meteorological elements for, 246. 

Premire, Barometric (see Barometric Pressure), of ^viiul 
*per square foot, 67. ‘ 

Preimt^ liis views on radiant heat, 41. 

Pyroheliometer, 14. 

Radiation, terrestrial, 40, 41; from and into R])ace, 43; its 
amount, measurement, and average, 44, 48; process 
of after sunset, 45; from various substances, 47; to 
clouds, 48; mutual among all bodies, 41; its applica- 
tion to making ice, 49; into^ S 2 )acc the cause of dew, 
91. « 

Radiation fogs, 93. 

• R/iin, 108, €t 8eq.; amount per inch per acre, 109, note; 
amount at diAerent levels al^jve soil, 109; circum- 
stances determining its greater or less amount, 110; 
rainless districts, 110; regions of unfrequent occur- 
rence, 111 ; its de 2 >cndcnce on latitude, 113; negative 
electricity accompanying, 138. 

Rainyauye, 109, 

Rainfalls, tables of in various places, 115; sudden, aqcom- 
pj^uying lightning*,, 137, and note; extraordinary, 115. 

Rainbow, not foriruy^ in cloud, 92, 22G; why not, 92, note; 
226, note; lunar formed in fogs, 93; superb instance 
of, 93; explanation o/ the supemumcrar}^ bows, 219, 

, 220, 221 , seq. ; inimary, secondary, etc., 220, et seq,; 

seen on grass and gossamer, 224; in cloud, 226; in 
fogs, 92, 220; white, 226. 

Rarefaction of air at great altitudes, 19, 3L 

Raymond, 22. 

Rcad,^\!A researches on atmospheric electricity, 128, >30. 

Ikdfield, his researches on the law of storms, 72. 

Reduction of meteorological observations, general formulm 
for, 153, et seq.; rqcoihmended to meteorologists as part 
of their regular work, 158. 

Refiector foii nocturnal radiation, 48. 

Rejlexim*oi objects gu a heated wall, 237* 
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Refraction^ astronomical, 236; terrestrial, 236; cases of 
nemarkable atinosplieric, 236; lateral, 236. 

Reid, Ixis reseurclies on tlie*Jaw of storms, 72. 

Resistaiice of air to falling drops, 107, 108. 

Richmann, his death hy lightuing, 126. 

RvjiphiS, aerial, 99, 163. 

Rio Negi'o, great rainfall at, 115. 

Rohi':¥<07h (Dr.), his ancmomet(‘T, 81. 

Romas, his experiments with electric kite, 126. 

Ronalds, his^ system of photographic self-registry, 159. 

Ross (Sir J. C.), his obseiwa^on ol aurora seen below clouds, 
f39. • 

Roussin (Admiral), his account of a great rain fall at 
Cayenne, 115. 

Rush, ins balloon asce]^;^ts* 22, 31. 

tSabiw, his opinion on the solar period, 7 ; his observations 
on terrestrial radiation, 46. 

Sahara, 110. 

Saint John, his observations of a white rainbow in morning 
mjst, 226. ^ 

St. TJelemi (Longwood), table of meteorological elements^ 246. 

Sand, its radiating po^wr, 47. 

Saussure (De), 22; his account of 'Resides, 92; his researches 
on atmospheric electricity, 128, 131. 

Scheiner, great meteorological phenomenon ^observed by, 
232. 

Schouw, his observations of the domination of barometric 
pressure between the tropics, 54. 

J^huhlor on atmospheric electricity, 128, 131. 

Schvi^he, his period of the sun’s spots, 7. • 

Sccyre^hy, his observations of the forms of snow spangle*?, 

120. ^ * 

Seathioait^, extraordinary annual raiitfall, 114, 115, 

Seasons, dry and wet between tropics, 112. 

Serein, 108. • 

Skerer, his observation of aurora below«clouds, 239, 
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Showers of fish, frogs, flannel, bread, stones, ashes, 245. 

Silk, radiating x^ower of, 47. " • 

Simoom, 243. * 

Sitka, Table of meteorological elements for, 24C. 

Skin, liare, rabbit, their radiafing powers, 47. 

Slate, its radiating power, 47. 

Synith, liis observations on temperature of soil at Congo, 
189. t' 

Smoke of London, 102. 

Smyth (Piarri, Esq.), his observ^ations on T^nerilf*, 111, 
245, 246. 

Sno'iv, its radiating power, 47; sudden fall of, oliserved in 
a balloon ascent, 116; its nature and mode of forma- 
tion, 120, et seg,; sj>angles of, 120; its elfect in initi- 
gatmg frost, \22; gwrpetiuil fevpl of, 123, seg.; cir- 
cunist-aices whicli determine it, 125, 

>Sbt7, temperature of, 39, 188, 189; uninfluenced by rain 
and snow, 189. 

Spangles, snow. See Snow spangles. 

Sjnacer, his balloon ascent, 116. 

Stars, radiation from, 43; shooting, 240. , 

Statical and d^mamifial measures of solar radiation, 13. 

Stea7n, latent heat of, 51; specifis gravity of, 52; high 
pressure, its ruddy cqlour when expanding, 235. 

St07i^, its radiating power, 47 ; Stones, showers of, 240. 

Storm, gT'eat Crimean, of 1854, 80; stonns, law of, 
See Cyclone, 

Strata of the atmos2>heTe, 76, 161. 

Stratus, cloud, 102; rapid proj>agatioii of, 102; low lev(4 
of, at night, 198. 

Sturm, 69. 

Stye, the, extraordinary rainfidl at, 115. 

Svmmer, heat ?eceived from sun during, in east hemi- 
sphere, 8, , * , 

Sun, as a source of heat, 7, et seq.; periodicity of its spots, 
7; amgunt of heat received from at ditferent seasons, 8; 
its ht'Uting pow«r'o;i a horizontal surface, 9; measure 
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of its direct radiation, 10, 1 1, H seq.; of its obliqne do., 
12; effect of its movement in declination on winds, • 
0^1, 64. 

i^npmmmerary rainbows, 221, et scq. 

/Syh‘3 (Colonel), liis barometrical observations, 173; his 
account of a rainbow seen in fog, 226; of a white one, 
226. 

• 

T^i'i'^^^fi^mountain, 99. 

Tahlen of meteorological elementH for selected stations, 246; 
for mete«rological reduction, rcfereiictjs to, 31, 89; of 
rjjinfalls, 115. * 

Temperature, internal, of the globe, law of decrement on 
ascending into atmosphere, 22, et seq,; aveiuge rate of 
decrease near Uk; suviace, 22: of interplanetary s])aces, 
23, 36; of th(‘. sea fit great depths, 37; at the surface, 
37 ; superficial, of sod in hot climatiis,, 38 ; annual 
and diurnal fliictnatioTis of, in depths below surface, 39; 
depth, where sensibly constant, 39; of aii*, its diurnal 
and imnual flnctnations, 178, et scq.; diurnal lliictua- 
tion of, in India, 179; in Ceylon, more uniform 
on* sea than on land, 40, 180;^ expressions for its 
diurnal march in Padua and Ediiibiu’gh, 181; lAean, 
how easiest obtaimtblo^ 182, 187; annual fluctuation 
of, how deduced, 183; mean ccpcitticients of , formulae for, 
in different places, 183; general foniiula of annual 
' temperature over the globe, 184; inteitiopical varia- 
tion of, 185; extent of, deviation from mean, in parti- 
cular years, 186; of the soil, 39, 189; uniform, of 
equatorial seas, 190; importance of observing do., ibid . ; 
average of the whole globe in June and January, 191. 

Tenenffe, Peak of, cloud level on, 11 1 ; atihosplieiic pfieno-^ 
mena observed on, 237. » 

Temion of vapour, 92; diurnal and annual march of, 201, 
202; its march, contraiy to that 6f relative humidity, 
200 . 

Terrestrial radiation, 41. 
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Thermometer^ blackened, as a meaRure of solar radiation, 
1 3 ; exposed in a reflector as a measure of terrestrial 
do., 48. ^ • 

Thibet y rainless plateau of, 110. 

Thomson (Dr.),liis treatise on meteorology, 11 8, his account 
of a great thunderstorm, 142. 

Thunder^ its nature, 139. 

Thunderstorms, 141; of extraordinary extent and duration, 
142. • 

Tides of the sea and air, their analogies and differences; 
— heat in dry air, direct and indirect effeot, 77 a. 

Tiflis, table of meteorological eiemeiits for, 246. 

Tin, its radiating iK)wef, 47. 

Tool do, 69. 

Tobolsk, summer ^and winter temperature of, 195. 

Toronto, table of meteorological oLeinents for, 246. 

Trade winds, 59, et seq,; their habitual dryness, 111. 

Tijndall (Prof.), his experiments on regelation, 119. 

Viqmir, aqueous, agency of, in maintaining the decrement 
of temperature on high levels, 25; its condensation a 
source of heat, 45, 53; laws of its diffusion, 50, an 
agent in the transfer of heat, 51 ; action of, as a moving 
power in meteorology, 52; h- ?ow specific gravity, 52; 
its influence on the Viroinetric pressure, 54; precipita- 
tion of, in rain, snow, etc., ,et seq,; formula express- 
ing the tt'insion of, 92; distribution of, 197, 203, *et 
seq. 

Vapour plane, 108; its level variable, 200. 

Vapour planes, several distinct ones co-existing, 205. 

Vapour tension, its diurnal and annual march, 201, 202. 

Veg^ation, a source of electricity, 132. * 

\elacities of w^ds, 57. 

Vesicles of water in clouds, etc., 92, 205, 226 note. 

Vesuvius, electrical phenomena during its eruptions, 133. 

Vince, his accounts of a remarkable atmospheric refraction, 
236, « 
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Volcanoes, fllieir effect in heating the air, 2. 

Von Buck, Ilia remarks on the difference of interior and , 
coast climates, 195. 

Von Huinboldt, See Hnmb^dt. 

his discoveiy of the electric spark, 126. 

^yaU, heated, its action as a mirror, 237, 

Washintfion, U. S., table of meteorological (dement^, 246. 

WasHale, extraordinary rainfall at, 115. 

Water, its habitudes in relation to solar heat, 37; its radia- 
tion of heat, 37 ; its evaporation and condensation (see 
Vni)Oiir, Rain, Snow, Uail, Dow, Fog, Cloud). 

Watfr-spovts, 

Wave, great November, 80. 

of heat and cold, 39, 45; atmos]]jlioric, 75, et sef],; 
instances of, trace(l oVer extensive tracts^ 79. 

'Welsh, liis balloon ascents, 22, 31; calculation of his 
highest, 35. 

(Dr.), his account of dew, 46, 91. 

West coasts habitually rainy, 114. 

WesUyioreland, rainy districts of, 114. 

Wheu'^U (Dr.), his aiiemometeT, 81. 

miirhvinds,^24i\ dust, 244; AfricanJ 243. . 

Wkitlny, its radiating iS>lj;er, 47. 

Williams, his account of i^-makipg in India, 49. 

Wind, how produced by heating action of the sun, 58; how 
modified by the oartli’s rotation, 59; law^of rotation of, 
69, seq.; contrary in north and south latitudes, 70; 
mean annual velocity and direction of, how calculat(Ml, 
82, et seq.; results of such calculations for vancnis 
places, 80; causes electricity by friction, 80; d(^pen- 
(lence of the various meteorological olemenis An its 
direction, 206, seq.; Dove’s and Kamtz’s results df 
do., embodied in foimnloe, 212; its average direction 
in Eiy’ope, 217. * 

Winds, their general agency as distributors of heat and 
moisture, 56; in causing oceanic currents,j66; almo- 



288 


METEOBOLoVrY 


spheric pressure req^iiiBite to produce, of diff<?rent forcoB, 
57; velocities of corresponding to diftcrent pressures, 
also in breezes, gales, Imn’i canes, etc., 57; x^^'essuras on 
the square foot in pounds,* 57; trade, exidained, 59. 
antidrfules, 02; periodical* 04, cZ seq.; sea and land, 
08; S.W. and N.E., their contrary influence, 207; helie 
their hirth-places, 209. 

Winter, amount of heat received from the sun in tlie two 
hemispheres, 8. t 

Wolf, his period of the solar-spots, 7 ; fiub-periods depeinlent 
on planetary action, ihid, note. ^ 

Wodaston, on the finite extent of the atmOvSjdiere, 20. 

Wool, radiating j3o\ver of, 47. ^ 

Young (Dr.), his (i^^ilanation of the supemunierary rainbo\rs 
221, et of coronas round the moon, 229. 

ZncL (Daron), his law of dtM‘remeut of atmospheric tem]>era- 
ture, 27, 32. 

Zi ro, ahsolut(5, of temperature, 30. 

Zinc, radiating j>ower of, 47. 
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BL'UHAjST (A W., F.EJ.S.) The Advanced I^rose and Voctmul 
Reader; being* a collection of select sj^ecimens in English, with 
Explanatory Notes and Questions on each lesson; to which are n])- 
pended Lists of Prefixes find Affixes, with an Etymological Voiiabu- 
iary. 3|^mo, cloth, price 3s. 

T'jie Roetical Rkadek, separately, price Is. fid. ^ 

BTTIIGEAS (Rev. Hbnrv, LLU., etc.) ’ The Ainaloui- Giu- 

dmer’s Year B^k, a Guide for those who Cultivate their own 
G^dens on the Principlps and Frhctice of Horticulture^ Fcap. 8vo, 
cloth, price 3s.|6id, ^ , 

CAJ^DJilSII (R(?i^ J>r,) Life in a Eisen Sainour. Being 
c Discourses on the Rdfeurrection. Second edition, crown 8vo, price 
• *' 79 *'^.. 

C^ESON,^. E., LL.D.) Excises iii Attic Greek for tlnj 

ijse m SdxooW an^ypolleges. 12ino, price ^ \ 



* AND CHA-si^ES BL ACk’s •PUBLtOATIONS. 

Wi*S(Ji!V-K-, 


LL.D.) Phaedrns' Fables of ^Isop iiV J.iitin. 
New edition, with Vocabulary, edited by llev. Wm. V^eitcli, l-Smo, 
boui'd, price Us. 


,(; rrUISTISON (Pvolessor). 

preparation. 


A Dispensatory. jSTew eilitioii in 


(.'OCKIUTUN (Lord). MemoTinls of TTis Thue. AVitli ])ortrait 

after Raeburn. Demy 8vo, price«7s. 6d. » 

COilK’S (C'aptain) A^oyn<?cs loid Discoveries, Edited by -TnLn 
Barr\;jv Es(i., F.R.S. Seven page Illustrations, square lUino, gilt 
edges, price 5s. ^ | 

CM^rNINl.niA^r (L'ftv. John, iT.n.) Thf. Cliui'di Illt^loi’y of’ 

Scotland, from the Comnlencementof the Christian Era to ihe^Vesent 
Century, U vols, de^iy 8vo, price 21 s.^ 


A Trealii-o on. Biblical Criticisni. 


DAVIDSON (Bov. Dr.) 

8vo, price 18s. 

DFAIAUS (licv. TiOeert, ALA.) ria.ss Eook ofEn^^disb TVosc, 
Comprehending Specimens of the moat Distingiii^lied I’rosc \Vi iters 
from CiiADcmi to the Present Time, Tvith Biographical Notic<?s, 

^ Explanatory Notes, and Introductory Sketches the History of 
F^glish Literature. 12mo, clotlj, price 4s. Od. * 

1 Or in Two Parts, price 2s. 6d. each. 

’Iiitrodnction to tbe History of English Literature. 12mo, 

* price 2s. * 

• 

Tho Young Scholar’s GukIc^ a Look for the Training of 

Yourh, Illustrated, iBrao, cloth, price Is. 6d. 

DI3ISDN (E. B., M.A., Q.C.) Clocks and.Locks. Ecap. 

0 Svo, price 38. 6d. , 

DE QUINCEY’S (Thomas) Works, crown 8vo, each*4s. 6(1 

Confessions of an Knglisi* Opium eSItkr* 

AiUTOBioauArHic Sketches AiSf> Recollections oiw’he Lakes. • 

MlSCifttLANlKS. 

Sketches, Critical and Bioorafhic. ^ 

Studies on Regret Records, pEftsoNAL And IIistouk 
Essays on Hroblkms Neglected or Misoonceiveu. 

LuAIiEKS IN LlTEHATUn^ * 

Classic Records Revie^;d or Deciphered. 

Critical SuGGKSTroNs on SrTi.E Rhetoric. 

Speculations. Literary and PHiL(>sopmA 
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ADAM AND CHAIILE8 BLAC[i’8 TUBLICATIONS. 

DC.>\ALr)S()Ji‘ (rLuiKs, M.A.) liatin Keader oO.DarioUs ixu'd 

Classen. With Notes, etc., 12mo, px-ice 3s. 6tU 
Or Couksh I., price Is. 9d. 

Course 11., price 2s. 

Afoderii Greek Grannuar, price 2s. 

DKKSSEE. (Profossor). Popnlax Manual of Botany ^Wtll()ut 
technical ternis. Fcap.,.8vo, twelve page Wood Illustrations, price 
3s. Cd. 

With the Illustrations coloured, price 4b. 6d. 

EDWAItD^S (A. M.) The Amjailunce Surgeon ; or, Practical 
Observations on Gunshot Wounds. By B. L. Ai’Cia. Edited, with 
t Notes, by T. W. Nunn, F.A C S., Surgeon to the INIiddle'-cx Hosj ‘‘^al ; 

and A. M. Edwards, Lecturer Surgery in the Edinburgh Medical 
School. Fcap. 8vo. [Ai (he j)re8S. 

ESX'YCLOryEDlA LIUTANNICA. '21 vols., 4to (uach 

vol. dotl.)* Complete, with Index. £25 ; ]2.s. 

21 vols, 4to, half hound, Tiussia extra, iimrhled edges, 

80s. per voL, Complete £31 : 10s.; with Index £32 : 2 ; t!. 

Iiidcfx to Ditto, 4to, price 8s., cloth ; or 12s. Od. half- 

russia. 

« 's. 

FAlltBATIlK (William). Iron: its History, Proy Tties, and 
ProccssCH of Manufacture. Crown 8vo, price 68. 

FAERAE (Ebv. F. W.) Jtilian Home : A Title of College 

Life. Foolscap, 8vo. second edition, price &s. 

Eric ; or Little hy Little ; a Tale of Koslyn School. 

Fifth edition, fcap. 8vo, price da. 

El^PtBES (Processor J. D.) Occasional Papers on the TJieory 
of GJiiCiers, wiUi ten Plates and twenty-nine Wood Kngixvings. 
peniy 8vo, price lOs. 6d. 

Kei>ly to Professor Tyndall’s remarks in his work On the 

i Griers of the Alps.” Fiice Is. f 

Norway and its Glaciers. Fo)lowetl by Jonxnals of Excur- 

^ i4f sions in the* High Alps of Dauphind, Berne, and Savoy. With two 
• Maps, ten Coloured Lithographic Views, and twenty-two Wood 
Engravings. Koyal 8vo, pric% 2^. 

— Tour cjf Mont Blanc and of Monte Posa. Illustrated witli 

Map of the |*eiuuuir Chaiu of Alps, fcap, 8vo, price Ss, 6d. ^ 
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AP^M AND OHj^bI-ES BLACK’S PDBilCATIONS.* 7 


(G. r.) Musical Composition ; its Tli'eory' and 
^ I’ractic*. With nameroue Engravings, and copious Musical Il’ustra- 

* tions. 4to, price 9s. ^ 

GULLIVER’S Tra,vcls to Liliput. Illustrated. Ecap. 8vo, gilt 

edges, price Is. 6d. 


(AVai. M., LL.D.) Rudiments of the Latin Language, 
12mo, price 2s. 

GUIIIRIE (Rev. Dr.) Pleas for Ragged Schools. Fourth 

'J'housand. Crown 8vo. Illustrated cover. Price Is. 


Th(i Giispel in Ezekiel. Twenty-seventh thousand. Crown 

8vo, price Ts. Gd. ^ ^ 

Christ and the Inlieritaii'fie of the Saints. Sixteenth, 

thousand. Crown 8vo| price 78. 6d. 

Tli(> Christian AYorhl Uniuasb^d, hy Beuridgr. Edited 

by Dr. GuTHttiic. Fcap. 6vo, cloth antique, red edges, price 2s. Gd. 

Tlie Street Preacher, being the Ant»hiography of Robert 

Flockhnrt. Edited by Dk. Guiurik. Small crown 8vo, cloth limp, 
price 2s. 

HAMl^DEN (R D.) The Fathers of Greek Philosophy. Demy 

8vo, price IGs. 

IIEUSCIIEL (Sir J. F. W., Bart.) Physical Geography, 
^rown 8vo, price Ts. 6d. i 

Mefeorology. Fcap. 8vo^ price 5s. 

^ The Telescope. Fcap, 8vo, price 3 r. Cd. ^ 

JEFFREY (Rev. Dr.) Voices from C»lvary; or the Seven 
Last Sayings of Our Dyiuj^ Lord. Second edition, fcap. 8vo, cloth 
antique, price 4s. 

JL^LES (J. P>.) The Student’s IManual of Geology. New and 
greatly enlarged Edition, with Lists and Figifres of characteristic^ 
• Fossils, and containing upwards of Four Huudred*Wood Engravings. 
Crown 8vo, pp. 750, price 16*. ^ 

School Boy’s Manual of Geology. » In preparation. 

KELLAND (Professor). Elemewts of Algebra, fo» the use a( 
Schools and Junior Classes in Colleges. Ciown 8vo, price 4s. 

Algebra — being a Complete and e«sy Introducti^ % 

Analj’tical Science. Crown 8 vo,pp. 467, price 78. 6d. 

KEMP (W, S., M.A.) AsjCourso of Exercises^in Latin rtose 

Syntax. Crown 8vo, pri8l|^3s. 6d. ; or in two Parts,— Part I. Agree- 
ment and Government, 28. Part IL The Svntax cf me Subjective 
Mood, 2s. • 



8 , ADAM CHARLES BLACK^SfJ'UBLlCATIONiS. 



Literature. Edited by William Lindsay Alkxa^dlk, HD,, 
assisted ly numerous Contributors, To be published in 24 Farts, 
super-royal 8vo, price 2s. 6d. each, illustrated with numerous En- 
gravings on Wood and Steel, aryl to be completed in two large 
volumes^ 

Populnr Cyclojux^dia of Biblica! Titeraturo. * Li tine volume, 

8 VO, illus treated by 330 Enjjravings, pi ice 10s. Gd. 

History of Palestine ; from the Ptitriare.hal Ag(' to iLe 

present time. Numerous Wood Engravings, ciown 8vo, price os. 


School Edition. 12tno, pri^^ 4s.; without Map, 3s. Cd. 

An Aeeount of Palestine.* Crown 8^'o, cloth plain, pr^'o 

• 23. 6d., cloth gilt, price 3s. 

LAl\IA*IiTL\E (Ali'iionsk de). Mary Stuart. With Portrait, 
crown 8vo, T»rieo 5s. ' 

LAYCOOK (Professor). Principles and ^Methods of ^Medical 

Observation and Research. Crown 8vo, price bs. 


M‘CIJLLC(^K (J. li.) Princij)les of Political Economy. 8yo, 
price 15.S. 



A Treatise on ^[('tallic and Paper ^loney and Punks, 

written for the Encyclopiedia Ilritannica. 4to, 5s. 

Ecoiioini«al Policy. Second edition, enlarged '' 

I)roved, 8ro, price lOs. Cd. 




On Taxation. , 4to, price (?s. Gd. 

‘MACAULAY (I/jrdh Biographies of Atterhury, Bunyaii, 

Goldsmith, Johnson, and Pitt, contiihuted to the Encydojianlia 
Britannicfi, Ecap- 8vo, with Portrait by MauU and Polyblank, price 
33. 6d. 

MACAULAY (t)r. Alexr.) Medical Dictionary, designeff for 

^ popular *iae j contMning an account of Diseases and their Treaftnent, 

including those most frequent in warm climates. New edition, 
greatly enlarged a^jd improved. By RonKUT Welbank Macaulay, 
M.I)., ll.E.LC.S. Demy 8Vo, price lOs. Cd. cloth, and 12s. Cd. 
* halfi^ussia, * * 


jMAXSEL (H. L., D.C.L.) Metaphysics, or the Philosophy of 

, * Consciousness Crown ^vo, price 7s. 6d. 

MAiSSON (Gustave). Introduction to tho History of Ercnch 
Literatufe. 12mc, cloth, 28. 

i-— ^|^Jla^a-S3®ok of Frcnich Kteraturc, with Ihographical 
L 3 . Notices, Hote^and mronological Tables, crown 8vo, price 4s. 6d. , 



AD^M AND 


CHAI^^S 


black’s PUBLIf)ATK)NS. ^ ^ 9 


AA^orks, crown 8vo, each 


i s, 


ThI. 


I Jifr SCflOOLvS AND SCHOOLMASTEKS * 

• S('i£N]w AND Legends in the North of Sdoteand. 

Kikst Impukssions oif England and its rEOPLic.* 

Tiik Old Ked Sant>stone. 

• O’estimony of the Rocks. 

The Cruise of the Betsy. 

Sketoh I??iOK OF Popular Geology. 

PoOT-PttlNTS OF THE CuKATOK. 

• 

% Cheap editions oC the above, crown 8vo, clotli, limp, price 

23. 6<l. 


JMTLLEIl (LV(*I(‘Ssoc). Pniici]tolc.s and Practice of Surgery. 

Numerous Illustrations.* 2 voIt>,^8vo, each Ifis. 

APSEX (Baron). yXtnnerous Illustrations. 18rno, 

};ilt edges, price Is. Cel. 


!MPPltAY (Andrkw a#}!) Pobkrt). tTic TIkmut and Practice 
of Shipbuilding and Steam Ships. Illustijvted with Plates and 
Woodcuts, 4to, price 14s. 

XETLL (Patrick, Tdi.l).) Tlie Fniit, Plowiw, and Kite: 

Garden. Profiu-cly Illustrated. Fciip. 8vo, price 3s. Gd. 

A^C'OL (]V)fcsKSor). Elements of ^linevalogy ; containing a 

i(ienoral Introduction to the Science, •ivith descriptions the Species. 
Fca^ 8 VO, price hs, * 

OSWALD (l?ev. John). Etyi^tological Dudionary of tho 

* English Language. Seventh edition, ISmo, bound, 


irr n. ' 


OWEX (PiCTTARD, F.P.S.) Palmontologjf or a Sysiomatio 
Summary of ICxtinct Animal^ and their Geological Relations. 
141 Illustrations, second edition, demy 8vo, price 16s. 


PARl^ (INfuNGo). Travels in Africa. Kine page illustrations, 

• square 12mo, gilt edges, price 3s. 6d. • 

PATEPSOX (James, .AF.A., Barrister at La'v^. CompemTiiuu of 

English and Scotch Law. Royal 8yo, price 28s. 

P1LT.AXS (f*rofossor).- Eclogoe Ciceronian^. 18ino, price 3s. 6d. 
tirst Steps in Physical and Clai^ical Geography, Fcift). 

8vo, price Is. 6d. 

I'OltTEOIJS (Bishop). Evide^s of the Tmth, ain^ Divnm 
^ * Origin of tlie Christian Revelation, witb^efinitiona audl^Analysis ^ • 
Jaivigs Boyd, LL.D. 18mo, price Is. # ^ 
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■ . V . ' 

POETltY ann Poets of Britain. P>oin Cliancer,,KO ^reui.yso4, 

^ with Biot^raphical SktJtehes, anil a rapid View of the Uharai 

Attributea of each. By Danikl Sckymgkour. Post 8vo, gilt 
edges, price 78. 6d. 

POETS and Prose Writers of France, from tlie Earliest Poriofl 
to the Beginning of the Present Century. By Gustave Masson, 
B.A., &c., Assistant Master at Harrow School. Crown 8vo, pp. 517, 
cloth, g^lt edges, price 78. 6d. 

PROSE and Prose Writers of Britain. By Rev. Robert Demaus, 
M.A. Crown 8vo, gilt edges, price 7s. 6d. 

RAMSAY (Allan). The Gentle SJiephcrd: Illustrated, IGino, 

pripe 2s. 6d. ; gilt edges ^s. 

RICHARDSON (Sir »1ohn, LL."h, etc.) The Polar regions. 

* I>emy 8vo. With Map, price l4s. 

KOBINS( iN I'fKUSOA. IllnstraUid by C. A. Doyle. Square 

12mo, gilt edges, price 3s. 6d. 

REESELL (Robert). North America ; its Agriculture and 
Climate ; containing Observations on the Agriculture and Climate of 
Sr Canada, the United States, and the Island of Cuba. With Coloured 

^ Map and Plans. Demy 8vo, price 6s. 

RUSSELL , (Scott). The Steam Engine* Illustrat(‘.d, p(*st 

Svq. price Ss. ^ 

Sh^fim and Steam Navigation. A Treativ'^o ol the Nature, 

Pro[)erti 08 , and Applicatiens of Steam, and on Steam Navigation. 
Illustrated, post 8vo, 9s. 

SCHMITZ (Dr.) ^Elementary Greek Grammar. 12nio, price 

36. 6d. 

SCRYMGElWR (Daniel). Class-Book of English Poetry. 

12m^ price 4e. 6d. Or in 2 parts, price 28. Gd. each. 

SCOTT (SiwWALTiSR). Complete Works and Life. DlS vols., 

fcap. 8vo, iSU: H. 

Waverlev Nf^Cels. The latest editions with the Autlior’s 

Notes -L 

KkW ItiLUSTKATED £l}ITIOK of 1860, 48 VOlS*, fcap. 8 VO, 

cloth, 96 Plates, and 1700 Illustrations . . . £10 16 0 

tr vols. demy 8vo, with 204 Engrav- 

^ ings afUHt WllMe, I.iindseer 13 2 6 

^ Aijti'hor’s Favourite Emtion of 1847, in 48 vols., fcap. 

8vOr wCth Fir^tl#ptece^>«td Vignette to each vol. . 7 4 0 

^ •CKohjist Editiok, 25 vol^, fcap 8vo, each vol. containing • 

..tc ] SteeJ, FrontJspie^ and Woodcut Viguetts . . . 3 10 0 
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((|jii\3tV"ALTKJi). Wavcrloy Niivt'ls — coHlmacd. 

Pi oj*le’s Kdition, 5 vols. royal 8vo, vritli Illustrations . 
Railway Edition, 2o* yoIs., fcap. 8vo, Illustrated Covers 
Separately, Is. 6il. each, or in cloth, 2s. 

i Vol. 13. Pirate,* 


# 

2 ? 

1 17 


Vol. 1. VVaverley, or “’Tis Sixty 
^ Years Since.” 

2. Guy Maiiiieriiig, or The 

Astrologer. 

3. Antiijuary. 

4. Rob Koy. 

5. "(Jld Jlortality. 

C. llhick Owarf, aad L^^end ; 
of Montrose. * ! 

7. Heart of Mid-Lol!|iiiin. | 

8. Bride of Laminerinoor. ) 

Ih Xvaiihoo. ^ • I 

10. Monastery. j 

1 1 . Abbot. j 

1 2. Kenilwortlu ! 


14. Fortunes of Nigel. 

15. Peveril of the Peak. 

16 Quentin Durward. 

17. St. Roiian’s Well. 

18. Redgauntlet. 

19. The Betrothed. 

20. The Talisman, 

21. Woodstock. 

22. Fair Maid of Perth. 

23. Anne of Geierstein, or the 
• Maiden of tho Mist. 

24. Count Robert of Paris. 

25. surgeon's Daughter — 

Castle Dangeioufc^,.v 


-Potdicul Works, Various oditi(»u.s, IVom 58. to 36s. 


Miscolianeous TVtxse Works. 

• to 84s. 


Various editions, from 268. 


— Life Napoleuu LonapaHe. 5 vols., fcap. 8vo, price 208. 

f People’s edition, 1 vol., royal Jjvo, price lOs, 

Tales of a Clrandfatlier. Various editions, (ks. to 1 5s. 


- Beauties of. CroAvii 8vo, i^ilt edges, ^irice 5s. 

- Headings for tlie Young from 8cott s Works. Fcap. Svo, 

gilt edges, price 7s. 6d. 

X . . .• 

- Life of, by J. G. Lockhart. Various editiq^is, 7s. 6d. to 

308. 


ST^VtrSOX (Pri'ifessor). Obstetric Memoiw and Contributions, 
including those on Anaeatbesfa. Edited by C. W. Priestly, M,D., 
andT H, K, Stor^r, M.U. 2 vols., ^vo, profusely lllustrafed, 36s. 


SMITH (Adam, LL.D.) llie Wealth of Ovations : an Inq^iry« 

^ into the Nature and Causes of the Wealth of Nations. Editet^n^nd 
with Life of the Author, by J. E. A\l‘CiiLLocH;Esq. Fourthwditlc^i, 
* corrected throughout, arijWeatly enlarged. 8vo, l^JK 

*S1L1LDING (AVm., M.A.) AT^utroduc.tion to LoaicSl ScienBe* 

^ Fcap. Svo, 4s, 6d. 
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STZYENSON (David). Canal and lUver En^inoi^fuili. 

8vo,4t5. GcU , 

STFAVAlkT (\V^. C.) Tho Practical Angler, or tlu' Art. ot' 

Trout Fishing', more particularly applied to Clear Water. Fourth 
edition., l2nio, cloth, price 3s. 6d. 

THOMAS (Dr. Pobert). Tlie ^lodfa'n Practice of Pliysic. 
Elt'vcnto edition, edited by Dr. Frampton. 2 vols^, 8vo, price 28s. 

TlR)^rSON (Professor). Prewing iukI Distilhition. ]\»st Svo, 
price Gs. 

T RAILL (Professor). Medical durisprndenco. Post 8vo, price 
5 «. ^ 

TYTi^EK (P. F.) History of ScHdlaml Enlarged and con- 
tinued to the Present Time, by the Rev', James Tatlots, D.i)., and 
ailapted to the purposes of Tuition by Alex. Reid, LL.l). Sixth 
edition, 12mo, 3s. Gd. 

— ^ Outlines of Modern History. Fifth edition, 12ino, .3s. 

— Outlines of Ancient History. Fourth edition, 12nio, 3s. 

TEITOH (H'V. AYm.) Giv'ck ARrhs, Irregular and Difectice. 
PosS Svo, price ('i. 

WALPOLE (Horace). The^Ctistle of Otranto. Fcap. Svo, 

lllu'jtrated, gilt edges, pric^ 2s. Gd. 

AALiliDLAAY (Dr.)*" KSysteinatic Theology. A Complete System 
of Polemic Divinity, In uiree vols,, demy 8vo, price 21s. 

WESTGAKTH (AA^jlltam). Australia; its Pise, Progioss^ and 

Preseut Condition ; witli Map. Fcap. 8vo, price 3s. Gd. 

<• j 

AVIHT^) (Pobert), * Madeira ; its Glimato and Sc'onery. Secontl 
edition by J. Joiinsok. With numerous Illustrations, and a Maj 
of the Island, crown Svo, price 7s. Gd. 

WILSOhi (John). British Agincnlture. Demy Svo. 

^ARM^NG (Andr^)*';/ T}}© Angler and Tourist’s Guide +o ihe 
‘ Northcru bounties of Scotland, with Instructions to Young Anglers, 
l8iiy», price 2s, _ • 




ill 1^1 V(»]mu(‘s 4to, Ciolli, mid Tiuli-\, j.ricc* .tdf: ] 
or in juico £:i:! : ^2 : G, 

THE EKHlTll EDITION OJ<^ TEE. 

'encyclopedia britannica. 

A DICXJO^iAUY OF AKTS, SCIENCES, ANE CENEKAL 

liteiiAtuer 

I 

JlImtralC(lwiihu2nranU of J^^ioa ’Ilioumrid lllmt rations on Wood aiid*Steel. 


(From the TitntSf Febrmiry 1, 18GK) 

‘MVhcii Avo look over the list of contributors, it is impossible to deny the 
weight of its imposing array of names, which claims to comprise, apiiai'ently 
■^^'itlJ good jeason, ‘the greater number of the mdiviiluals most celebrated ill 
scientific, literar}', ami p(jlitical history, "who liave adorned the annals of this 
country i^)t a long series of years.’ The very jjick and cream p|' thi* catalogue 
occupies be void pages. Nor have the contributions of mo&t^of them been 
limiied to sul^cts wliicli other men might have treated as well, but for the 
most pyi/ we oblain some of the choicesik work of each upon the su)ijects on 
whick they were the principal authorities. Where Archbisijcy;) Whaielj’' takes 
the rise, progress, and corruptions of Christianity ; Bunsen llie subject of Luther 
and the German Reformation ,* M‘CullocI^ money, political economy, and the 
cognate subjects; Macaulay, and De Quhicey, their selected biographies; 
Donali^on, philology; Owen, palaeontology; Herschel, the telescope; Robert 
Stevens?>h, iron bridges; Bazley, cotton ; i'airbairn, iron manufacture; and other 
men, forlhe most part the work to which they were most comp^ent, the reader 
may grasp a notion of the grand work of reference wh^di is now placed before 
him. Of course a detailed criticism of its contents ^ould require an armj^ of 
critics' to pioduce a review itself of a length, quite incalculable, and criticism 
must be abantfoned, because it is practically an impossibility. U should be 
added, however, that the work is profusely illustrated, especially with woodcuts; 
and, be^of all, that it is furnished with the new feature of a general in^x* , 
which completes its value as a work of reference? In h.^iook framed upon Jpiis 
plsn by such a multitude of eminent men, and with such^viously usefu#acce|- 
sorioS, it may therefore be fairly con^jwed that the world hii!^ now such an 
tEucj'clopsedia as it never had before.” ^ ^ e * ^ 



i4 ' AJ^XM AND CHARLES DLAOK’s PUELTCATIONS. 

* ‘ _« 

NEW EDITION 

OF 

DE QTJIECEY’S WORKa, 


in efoirn 8'W>, chdh, price 4,y. Gt^* 

THE FIRST VOLUME OF A RE-JSSUE OF 

THE WORKS OF THOMAS DE QUINCEY, 

« THE ENGLISH (yPlUM EATER” 

The exquisite jinisli of De Qinnccy’s style, with the scholastic 
rifjour of his logic, form a comhiiiation which centuries may never 
reproduce, but which evert (JENEration should study as one of 
THE marvels op English Literature” — Qaartnhf Jkvlnc, 

The Sme 4 null he cotiqdetcd in 14 Volumes, to he :>uJ>Ushed 
Monthly, ^ 

* r 

Volume I,, “containing ** the Confessions of an Eng'lish 
Opium Eater,’’ new edition, with the Author’s latest 
revision and additions, will be published in Fehruaiy. 
Volumes IN and III., Autobiographic Sketches and 
Re(jpllections tjf the Lakes ; March and April. 

Volumes IV. and T. Miscellanies; in May and June. 
And^he succeeding Volumes monthly thereafter. 

^ THE WHOLE«»TO^ BE COMFLETEB WITHIN OHE TEA^. . 
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^AM AN» CHARLIES BLACK’s PUBLlCATIOSilS, ^ i| 

^ — — « » • ^ 

KEW SDITION OF 

'^PTTlfS CYDLOP/EDIA OF BIBLICAL LITERATURE.* 

Edited by the Rev. WILLIAM LINDSAY ALEXANDER, D.D. 

?)<9 j)uhlis7ied in *24 Monthly Parts, Snper- Royal 8w. lUuBtraUd h% 
I numerous Enyrnvings on Wood and tiled, price ‘Is. %d. each ; forminy^ 
when completed, 2 larye Volumes, Svp^-Iioyal ^V 0 ,j^rice £ 3 , 


ThU, thouglj undor certain aspects a new Edition of Kitto’s Biblicai 
. Cyclop.edia, wlirbe found to a Jarge extent an entirely new w'ork. 

Whilst it is intended that the principal^articles w hich have already secured 
so ^il^ansive and well-grounded a r||;)utation for the Rihlical Gycloiiasdia shall 
be retained, it is proposed to submil all of these to a careful revision, 
view tcuthe supplying ot* omissions, trie coiTection of mistakes, and the aoaitlD'fl 
of such information as shall bring the articles up II) the standard of the ptesenl 
state of Biblical knowledge. • 

A more exact arrangement of the book according t# alphabetical order will 
be effected, whevebj^ the repetition of articles on the same subject under differeni 
heads will be avoided, greater uniformity in the arrangement of the articles 
secured, and the use of the work as a book of refeience facilitated. 

A large number of new articles will lie introduced, partly treating aneii 
subjects ou which articles exist in the former edition.s, partly discussing topics 
omitted in these. In the new portion of the work it is inte^jded to furuial) 
notices of eminent Biblical Scholars and their writings, so far as these bear o® 
the elucidatioiiof the sacred volume. It is designed also to supply what is eg 
vet a desMcratitm in Biitish Cyclopwdias — it might almost be said in Britisti 
iiiteratii^— an account of the Biblical learning and labours of the Jews, with 
notices of the moat eminent Jewish Biblical commentators, cities, and grotdh 
mariSns. 

For these additional articles, as for the revision of^those retained from th< 
former editions, the Editor has had the hajipiness of securing the aid of several 
scholars eminent in different departments of Biblical Literature. 

In (typographical point of view this edition will greatly surpass its prfidfr 
cessors^he fount employed being of elegant antique character, selected OU 
account its clear and legible features, as well as for its beautj^as a type. 

Nmnerous Illustrations, consisting of Steel EngAvings, WoodftutSj, and 
maps, will be introduced throughout the work, i % 

Part I. will be published on the Ist df Janiary 1862 ; and the succeedinjg 
parts monthly flicreofter, price 2b. 6d. each. *1 * ',\l 

CoMPLKTioN OF THR WoRK.— Although thKwgular course of publicatiol 
.vill extend over twenty-four months, it is exp^|ed tlfet the work wil|a]|| 
iniehedP&t press about the middle of 1863, wlten eu^mbers may have 
iOpics (.^ompfetad if desired. ^ *** X ^ ^ 
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BLACK’S 

GENERAL ATLAS 


O] 

THE WORLD. 

« 

Strongly find <“Kganti> liair-lioimd Moinco, 
gilt knvob, and accompanied by 

AN INDEX OF 05.000 NAMES. 


From the Times. 

t)l tlu iiH) t coin])l(5( (4 iij )(kHi Ikihlii ii lb 

Fiom t)ie Economist. 

Aw < « u tlui^h V ;ln (bit Atla*. 

The alufn o^ tins ooiiijiiiud on tlio ]>la 

ol ncM, ami niipit loju , tlni uiitUi 

it a iwosl \ 4 luabic /Aoilv of 0< ooiajtliK al Jk i< u ncc. 
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